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Ɖithelial ovarian cancer ;KCͿ remains the most lethal gynaecologic cancer͘ 1 Although, KC 
accounts Ĩor only 3й oĨ cancers in ǁomen, it is the Ĩourth most common cause oĨ cancer 
death in ǁomen in the develoƉed ǁorld͘2 /n the Netherlands, aƉƉroǆimately 1200 ǁomen 
develoƉ KC, and 1000 die Ĩrom this disease every year͘ 3,4 KC occurs Ɖredominantly in 
ƉostmenoƉausal ǁomen ǁith the highest incidence in the siǆth decade͘5 The majority oĨ KCs 
are detected late, in advanced stages ;/nternaƟonal &ederaƟon oĨ Gynecology and Kbstetrics 
΀&/GK΁ stage ///ͬ/sͿ due to non-sƉeciĮc symƉtoms, generally resulƟng in Ɖoor Ɖrognosis 
ǁith a Įve-years survival rate less than 40й͘1 Wrimary treatment oĨ KC ƉaƟents consists 
oĨ oƉƟmal staging or maǆimum cytoreducƟve surgery ǁith ;neoͿadjuvant ƉlaƟnum-based 
chemotheraƉy͘  /n this thesis, the term ͚eƉithelial ovarian cancer͛ reĨers to cancers arising in 
ovaries, ĨalloƉian tubes, and Ɖeritoneal cavity, all originaƟng Ĩrom Mƺllerian eƉithelium͘ 
The tǁo Reast CAncer genes, BRCA1 and BRCA2, have been idenƟĮed more than tǁo 
decades ago, and are localiǌed on chromosome 1ϳƋ and chromosome 13Ƌ, resƉecƟvely͘ 6,ϳ 
oth genes are tumour suƉƉressor genes that encode Ɖroteins that ĨuncƟon in the NA 
reƉair mechanism͘ These Ɖroteins are imƉortant in maintaining genomic stability through 
mainly error-Ĩree reƉair oĨ NA double-strand breaks by homologous recombinaƟon ;,RͿ͘8 
RCA2 Ɖrotein aƉƉears to regulate the ĨuncƟon oĨ RA51 in the reƉair by ,R, ǁhereas 
RCA1 Ɖrotein has a broader role ƉarƟciƉaƟng in various cellular Ɖrocesses in resƉonse to 
NA damage͘ϵ Individuals carrying a BRCA1/2 mutaƟon are heteroǌygous Ĩor this mutaƟon͘ 
^ince heteroǌygosity is not itselĨ lethal to cells, a second event in tumourigenesis involving 
inacƟvaƟon oĨ the unaīected allele is mostly resƉonsible Ĩor the loss oĨ ĨuncƟon͘ This is called 
the tǁo-hit hyƉothesis͘10 
tZE^^K&BRCA1/2 Dhdd/KE^/EKsZ/EEZ
About 10ʹ15й oĨ all KCs are related to Ɖathogenic BRCA1/2 germline mutaƟons, accounƟng 
Ĩor the majority oĨ autosomal dominant inheritance oĨ Ĩamilial breast and ovarian cancer͘  In 
the general ƉoƉulaƟon, about one in 400 individuals carry a germline mutaƟon in BRCA1 or 
BRCA2͘11 In certain ƉoƉulaƟons, such as in Ashkenaǌi Jeǁs, sƉeciĮc ;ĨounderͿ mutaƟons in 
BRCA1 or BRCA2 occur more oŌen͘12 The cumulaƟve risk oĨ develoƉing ovarian cancer by the 
age oĨ ϳ0 years in BRCA1 mutaƟon carriers is 3ϵй ;ϵ5й conĮdence interval ΀CI΁ 34ʹ44йͿ, and 
in BRCA2 mutaƟon carriers 16й ;ϵ5й CI 12ʹ20йͿ͘13 The cumulaƟve risks Ĩor breast cancer 
in BRCA1 and BRCA2 mutaƟon carriers are 54й ;ϵ5й CI 46ʹ63йͿ and 45й ;ϵ5й CI 38ʹ53йͿ, 
resƉecƟvely͘ 13 Recent ƉrosƉecƟve cancer risk data shoǁs roughly similar numbers͘14
KC is generally diagnosed at an earlier age in BRCA1 mutaƟon carriers ;51ʹ53 yearsͿ comƉared 
to BRCA2-related KC ;55ʹ60 yearsͿ and sƉoradic KC ;58ʹ61 yearsͿ͘15-18 istribuƟon oĨ 
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histological subtyƉes, &IGK stage and tumour grade among BRCA1/2 mutaƟon carriers are 
about eƋual to ǁomen ǁith sƉoradic KC͘ ,oǁever, BRCA1/2 mutaƟon carriers have beƩer 
Ɖrogression-Ĩree and overall survival rates comƉared to noncarriers͘1ϵ,20 This might be best 
eǆƉlained by a greater sensiƟvity to ƉlaƟnum-based chemotheraƉy due to an imƉaired ability 
to reƉair double-stranded NA breaks through ,R͘21 In addiƟon, a novel treatment oƉƟon 
targeƟng this deĨecƟve NA reƉair mechanism, so called Ɖoly;AW-riboseͿ Ɖolymerase ;WARWͿ 
inhibitors, has shoǁn beneĮcial eīects in recurrent KC oĨ BRCA1/2 mutaƟon carriers͘22 The 
beneĮts oĨ WARW inhibitors can be eǆtended to all KC ǁith ,R deĨects͖ it is suggested that 
this holds Ĩor aƉƉroǆimately 50й oĨ all high-serous KC͘23 ComƉaring BRCA1 and BRCA2-
related KC, Ɖrogression-Ĩree and overall survival have shoǁn to be substanƟally longer in 
BRCA2 mutaƟon carriers͘1ϳ
^dZd'/^&KZKsZ/EEZZ/^<Zhd/KE
Gynaecological screening Ĩor ovarian cancer, consisƟng oĨ annual transvaginal ultrasound 
and analysis oĨ serum level oĨ tumour marker Cancer AnƟgen 125 ;CA125Ϳ, has Ɖroven to 
be ineīecƟve in early detecƟon oĨ KC or imƉroving its Ɖrognosis in BRCA1/2 mutaƟon 
carriers͘24,25 ThereĨore, risk-reducing salƉingo-ooƉhorectomy ;RR^KͿ is recommended to all 
BRCA1/2 mutaƟon carriers Ĩrom the age oĨ 35 years and ǁhen childbearing is comƉleted͘ In 
the Netherlands, the recommended age oĨ RR^K diīers betǁeen BRCA1 ;35ʹ40 yearsͿ and 
BRCA2 ;40ʹ45 yearsͿ mutaƟon carriers, based on the age at ǁhich the risk oĨ KC starts to 
rise͘26 torldǁide, the uƉtake oĨ RR^K ǁidely varies Ĩrom 1ϳй to 8ϵй͘2ϳ Tǁo recent utch 
studies have reƉorted an uƉtake oĨ RR^K above ϵ0й͘28,2ϵ
The origin and carcinogenesis oĨ KC are Ɖoorly understood, but this disease is sloǁly being 
disentangled͘ TradiƟonally, KCs ǁere subdivided into serous, mucous, endometrioid, clear 
cell, undiīerenƟated adenocarcinoma and renner tumours͘ Currently, it is hyƉothesiǌed 
that each diīerent histological tyƉe oĨ KC originates Ĩrom an oǁn carcinogenic route͘ 
^o, ovarian cancer descriƉƟon and diagnosis are changing Ĩrom one disease ǁith several 
eƉithelial subtyƉes to several disƟnct diseases͘ A neǁ classiĮcaƟon has been ƉroƉosed that 
seƉarated ovarian cancers into tyƉe I and II tumours͘30 TyƉe I tumours including loǁ-grade 
serous, endometrioid, clear cell, and mucinous carcinomas, are more oŌen diagnosed in 
early stage and some have more Ĩavorable Ɖrognosis than tyƉe II tumours͘ TyƉe II tumours 
are high-grade serous, undiīerenƟated carcinomas and carcinosarcomas, ǁhich ĨreƋuently 
contain mutaƟons in p53, BRCA1 and BRCA2͘ Kverall, high-grade serous ovarian cancer are 
most common oĨ all KCs ;about ϳ0йͿ͘ In addiƟon, merging Ɖathological and molecular 
evidence suƉƉorts the hyƉothesis that the ĨalloƉian tube is the site oĨ origin oĨ most high-
grade serous cancer͘ 31 Together ǁith the side eīects oĨ RR^K, increasing aƩenƟon has been 
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1
Ɖaid to an alternaƟve strategy, consisƟng oĨ removal oĨ the ĨalloƉian tubes aŌer childbearing 
and delaying ooƉhorectomy͘ 32-34 
KE^YhE^K&KsZ/EEZZ/^<Zhd/KE
RR^K is eīecƟve in reducing ovarian cancer risk͖ in tǁo meta-analyses, about 80й risk 
reducƟon ǁas calculated͘35,36 This might be even an underesƟmaƟon oĨ the eīect oĨ RR^K 
due to inclusion oĨ ǁomen above the recommended age oĨ RR^K ;mean age at RR^K mostly 
above 45 yearsͿ͘3ϳ The highest risk reducƟon ever reƉorted is ϵ6й͘38 The risk oĨ Ɖrimary 
Ɖeritoneal carcinomas aŌer RR^K is esƟmated aƉƉroǆimately at 4й Ĩor BRCA1 mutaƟon 
carriers and 2й Ĩor BRCA2 mutaƟon carriers͘3ϵ
esides eīecƟve risk reducƟon, RR^K at recommended age immediately results in Ɖremature 
menoƉause ǁith short-term eīects and less ǁell-established long-term eīects͘ Common 
short-term side eīects are vasomotor symƉtoms ;hot Ňushes and night sǁeatsͿ, vaginal 
dryness, and seǆual dysĨuncƟon, ƉotenƟally loǁering Ƌuality oĨ liĨe͘40,41 These symƉtoms 
may not be Ĩully relieved by hormone reƉlacement theraƉy, ǁhich is only suitable Ĩor 
BRCA1/2 mutaƟon carriers ǁithout Ɖrior breast cancer͘  ^tudies on general Ƌuality oĨ liĨe and 
ƉsychoƉathologic disorders, such as anǆiety and deƉression, aŌer RR^K suggest no eīect 
oĨ this intervenƟon͘42 Although, other Ĩactors contribute to ǁell-being are Ĩar less studied͘ 
The long-term side eīects oĨ Ɖremature menoƉause, ǁhich have been ǁell-characteriǌed 
in the general ƉoƉulaƟon, include an increased risk oĨ osteoƉorosis, cardiovascular disease, 
and Ɖossibly cogniƟve imƉairment͘43,44 ata Ĩrom long-term Ĩolloǁ-uƉ studies involving large 
ƉoƉulaƟons oĨ ooƉhorectomiǌed BRCA1/2 mutaƟon carriers are lacking͘ ^tudies ǁith short-
term Ĩolloǁ-uƉ shoǁ conŇicƟng results on bone health, all-cause mortality and liĨe eǆƉectancy 
in ooƉhorectomiǌed BRCA1/2 mutaƟon carriers͘45-48 
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/DEKhd>/EK&d,/^d,^/^
In this thesis, ǁe aim to imƉrove care in BRCA1/2 mutaƟon carriers Ĩocusing on ovarian 
cancer risk reducƟon ǁith studies on mulƟƉle dimensions oĨ this risk reducƟon͘ 
WĂƌƚ / Ĩocuses on the aǁareness oĨ germline BRCA1/2 mutaƟons in ǁomen ǁith eƉithelial 
ovarian cancer͘  IdenƟĨying BRCA1/2 mutaƟons in ǁomen ǁith KC may inŇuence their 
treatment, and their relaƟves have oƉƟons Ĩor breast and ovarian cancer risk reducƟon͘ 
ŚĂƉƚĞƌ2 systemaƟcally revieǁs the Ɖrobability oĨ Įnding a germline mutaƟon in the BRCA 
genes in ǁomen diagnosed ǁith KC͘ torldǁide, diīerent criteria Ĩor reĨerral Ĩor geneƟc 
counseling and tesƟng are used, such as age at diagnosis, Ĩamily history oĨ breast and ovarian 
cancer, and histology subtyƉe͘ The value oĨ these criteria are also considered in this study͘  In 
ĐŚĂƉƚĞƌϯ ǁe evaluate the Ɖrobability oĨ Įnding a BRCA1/2 mutaƟon in ǁomen aged 40 years 
or younger at diagnosis oĨ KC, ǁith emƉhasis on the value oĨ Ĩamily cancer history͘   
WĂƌƚ // Ĩocuses on an innovaƟve strategy oĨ ovarian cancer risk reducƟon, other than the 
standard RR^K, consisƟng oĨ risk-reducing salƉingectomy ;RR^Ϳ ǁith delayed ooƉhorectomy 
;RRKͿ͘ Tǁo major toƉics have Ĩostered the interest in this strategy͖ groǁing evidence oĨ the 
role oĨ the ĨalloƉian tube in the oncogenesis oĨ high-grade sereus KC, and short-term and 
long-term side-eīects oĨ Ɖremature menoƉause due to RR^K including menoƉause-related 
Ƌuality oĨ liĨe͘ oth BRCA1/2 mutaƟon carriers͛ and ƉroĨessionals͛ ƉersƉecƟves on the 
conceƉt oĨ RR^ ǁith delayed RRK are shoǁn in ĐŚĂƉƚĞƌ4͘ In this ƋualitaƟve study, barriers and 
Ĩacilitators oĨ the innovaƟve strategy are evaluated by individual and Ĩocus-grouƉ intervieǁs͘ 
AddiƟonally, the ǁillingness to ƉarƟciƉate in a study comƉaring RR^ ǁith delayed RRK ǁith 
the standard RR^K is determined͘ ŚĂƉƚĞƌ ϱ Ɖresents the Ɖrotocol oĨ a non-randomiǌed 
mulƟcenter study on this conceƉt ;TUA studyͿ, comƉaring menoƉause-related Ƌuality oĨ liĨe 
betǁeen RR^ ǁith delayed RRK and RR^K͘
WĂƌƚ///Ĩocuses on the conseƋuences oĨ ovarian cancer risk reducƟon͘ More insight in diīerent 
mental and Ɖhysical asƉects aŌer RR^K might contribute to imƉrove several healthcare 
outcomes, such as Ƌuality oĨ liĨe and cardiovascular health͘ In ĐŚĂƉƚĞƌ 6 ǁe assess the 
associaƟon betǁeen demoraliǌaƟon and health-related Ƌuality oĨ liĨe in ooƉhorectomiǌed 
BRCA1/2 mutaƟon carriers in a long Ɵme Ĩrame aŌer RR^K͘ emoraliǌaƟon is deĮned as a 
Ɖersistent Ĩeeling oĨ Ĩailure to coƉe ǁith Ɖhysical or mental illness, and could be disƟnguished 
Ĩrom deƉression͘ To decrease the burden oĨ climacteric symƉtoms, ooƉhorectomiǌed 
BRCA1/2 mutaƟon carriers may beneĮt Ĩrom ƉosiƟve resources͘ In ĐŚĂƉƚĞƌ7 the associaƟon 
oĨ climacteric symƉtoms ǁith tǁo ƉosiƟve resources, selĨ-comƉassion and Ɖhysical Įtness, is 
evaluated͘ esides the Ɖossible Ɖsychological conseƋuences aŌer RR^K, liƩle is knoǁn on the 
cardiovascular risks in BRCA1/2 mutaƟon carriers͘ te revieǁ the literature on cardiovascular 
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1
risks in BRCA1/2 mutaƟon carriers in ĐŚĂƉƚĞƌ8͘ ue to the discovery oĨ the BRCA genes 
only tǁo decades ago, studies on long-term cardiovascular eīect have been eǆƉected to be 
limited͘ ThereĨore, cardiovascular eīects oĨ early surgical menoƉause and Ɖrior breast cancer 
treatment are also revieǁed Ĩrom the general ƉoƉulaƟon͘ In young and middle-aged ǁomen, 
assessment oĨ tradiƟonal cardiovascular risk Ĩactors generally underesƟmates their liĨe-Ɵme 
cardiovascular risk͘ y measuring subclinical atherosclerosis, early signs oĨ vascular damage 
can be determined͘ ŚĂƉƚĞƌ9 Ɖresents the assessment oĨ signs oĨ subclinical atherosclerosis 
as measured by common caroƟd inƟma-media thickness and Ɖulse ǁave velocity in relaƟon 
to Ɵme since RR^K͘ 
The results oĨ the Ɖrevious chaƉters are Ɖlaced into ƉersƉecƟve in a general discussion in 
ĐŚĂƉƚĞƌ10͘ A summary oĨ this thesis is given in ĐŚĂƉƚĞƌ11͘
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The Ɖresence oĨ a germline BRCA1/2 mutaƟon imƉroves oƉƟons Ĩor tailored risk-reducing 
strategies and treatment in both breast and ovarian cancer ƉaƟents and their relaƟves͘ 
Currently, reĨerral Ĩor germline BRCA1/2 mutaƟon tesƟng oĨ ǁomen ǁith eƉithelial ovarian 
cancer ;KCͿ varies ǁidely, based on diīerent criteria, such as age oĨ onset, Ĩamily history 
oĨ breast andͬor ovarian cancer and histological tyƉe oĨ KC͘ The overall Ɖrobability oĨ a 
germline BRCA1/2 mutaƟon in ǁomen ǁith KC is above 10й, and a substanƟal Ɖart oĨ 
the germline BRCA1/2 mutaƟon carriers is missed ǁhen aƉƉlying these criteria Ĩor reĨerral͘ 
ThereĨore, ǁe strongly recommend reĨerral oĨ all ǁomen ǁith KC Ĩor geneƟc counselling 
and NA analysis͘  
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Ɖithelial ovarian cancer ;KCͿ remains the most lethal gynaecologic malignancy͘  Although 
it accounts Ĩor only 3й oĨ malignancies in ǁomen, it is the ĮŌh most common cause oĨ 
cancer death in ǁomen͘1 etecƟon oĨ a geneƟc ƉredisƉosiƟon to ovarian cancer is oĨ great 
imƉortance Ĩor both the ƉaƟent and her relaƟves͘ &or KC ƉaƟents ǁith a germline BRCA1/2 
mutaƟon, tailored treatment has become Ɖossible recently͘ 2 &or relaƟves, risk-reducing 
strategies can reduce morbidity and mortality Ĩrom breast and ovarian cancer in case oĨ a 
germline BRCA1/2 mutaƟon͘3 
According to liĨeƟme risk esƟmates Ĩor the general ƉoƉulaƟon, 1͘3й oĨ the ǁomen ǁill develoƉ 
KC someƟme during their lives and 1й ǁill die Ĩrom it͘4 tomen ǁith a germline mutaƟon 
in BRCA1 or BRCA2 are at high risk develoƉing ovarian cancer, 40й and 18й, resƉecƟvely͘ 5 
KC is Ɖrimarily a disease oĨ ƉostmenoƉausal ǁomen͖ the average age oĨ onset Ĩor KC in 
ǁomen ǁith a germline BRCA1, BRCA2 and no mutaƟon is 51ʹ53, 5ϳʹ60, and 58ʹ61 years, 
resƉecƟvely͘ 6-8 Although the origin and Ɖathogenesis oĨ KC are sƟll Ɖoorly understood, it 
is suggested that the underlying cause oĨ serous ovarian, ĨalloƉian tube cancer and Ɖrimary 
Ɖeritoneal cancer may be idenƟcal, originaƟng Ĩrom the distal ĨalloƉian tube͘ϵ Numerous risk 
Ĩactors Ĩor develoƉing KC have been idenƟĮed͘10 The most imƉortant ƉredicƟve Ĩactor is a 
ƉosiƟve Ĩamily history oĨ KC, ǁhich may indicate a hereditary ƉredisƉosiƟon͘10,11 
In general, a 10й esƟmated Ɖrobability oĨ Įnding a germline BRCA1/2 mutaƟon is considered 
to be cost-eīecƟve Ĩor NA tesƟng͘12 ^ everal models to Ɖredict BRCA1/2 mutaƟon carriershiƉ 
are used to calculate the Ɖrobability oĨ Įnding a germline BRCA1/2 mutaƟon13-16͖ in these 
models, inĨormaƟon on Ĩamily history is used͘ ,oǁever, limited Ĩamily structure aīects 
the accuracy oĨ these models, esƉecially in Ĩamilies ǁith lack oĨ Ɖaternal aunts, Ɖremature 
mortality and smaller Ĩamilies͘1ϳ In most uroƉean countries, reĨerral Ĩor geneƟc counselling 
and subseƋuent germline NA analysis oĨ BRCA1/2 genes is mainly based on the age oĨ 
KC diagnosis and Ĩamily history͘ 18,1ϵ In Ɖarts oĨ the United ^tates and Canada, all ǁomen 
ǁith KC are oīered reĨerral Ĩor geneƟc risk evaluaƟon͖ although diīerences in insurance 
comƉensaƟon may inŇuence reĨerral and uƉtake͘20-22 te conducted a systemaƟc revieǁ oĨ 
the literature on the Ɖrobability oĨ Įnding a germline BRCA1/2 mutaƟon in ǁomen ǁith KC 
in relaƟon to age oĨ onset, Ɖersonal or Ĩamily history and histology͘  
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&or this systemaƟc revieǁ, a comƉrehensive literature search has been ƉerĨormed in WubMed 
in May 2015͘ This search ǁas limited to the nglish language and to ƉublicaƟon dates since 
January 2000͘ ^tudies related to the Ɖrobability oĨ Įnding a germline BRCA1/2 mutaƟon 
in ǁomen ǁith KC ǁere Ĩound using the Ĩolloǁing search strategy͗ ;;;;ƉrobabilityͿ KR 
ĨreƋuencyͿͿ AN ;;;RCAͿ KR RCA1Ϳ KR RCA2ͿͿ AN ;;;͞ovarian cancer͟Ϳ KR ͞ĨalloƉian 
tube cancer͟Ϳ KR ͞Ɖeritoneal cancer͟ͿͿͿͿ͘ ReĨerence lists oĨ selected arƟcles ǁere scruƟnised 
to idenƟĨy other relevant arƟcles that had been overlooked in the database search͘  
^ĞůĞĐƟŽŶĐƌŝƚĞƌŝĂ
Target ƉoƉulaƟon consisted oĨ ǁomen ǁith all tyƉes oĨ eƉithelial ovarian, ĨalloƉian tube 
or Ɖeritoneal cancer͘  To determine the overall Ɖrobability oĨ carrying a germline BRCA1/2 
mutaƟon in all ǁomen ǁith KC, ǁe included ƉoƉulaƟon-based studies and hosƉital-based 
studies in ǁomen ǁith KC ǁho underǁent comƉrehensive germline tesƟng Ĩor both BRCA1 
and BRCA2 mutaƟons͘ te eǆcluded studies in only Ashkenaǌi Jeǁish ǁomen based on the 
selecƟon oĨ this sƉeciĮc ƉoƉulaƟon, in ǁhich the BRCA1/2 Ĩounder mutaƟon eīect is ǁell 
described͘23-25 ased on studies oĨ Janavicius et al.26-28, it is likely that a Ĩounder eīect, like 
in Ashkenaǌi Jeǁish ǁomen, is also the case in the ƉoƉulaƟon oĨ >ithuania͘ To establish the 
addiƟonal value oĨ current reĨerral criteria Ĩor geneƟc consultaƟon, ǁe reƉorted available data 
on age oĨ onset, Ɖersonal and Ĩamily history oĨ breast andͬor ovarian cancer, and histological 
tyƉe oĨ all included studies͘ No selecƟon ǁas made on the level oĨ evidence oĨ the arƟcles͘ 
^tudies ǁith less than ϳ5 ovarian cancer cases and revieǁ arƟcles ǁere eǆcluded͘ ^ elecƟon oĨ 
arƟcles ǁas ƉerĨormed by tǁo researchers ;M͘<͘ and M͘A͘Ϳ, ǁho achieved mutual agreement 
aŌer discussing divergence oĨ vieǁs͘
Z^h>d^
In total, 11ϳ4 original studies ǁere idenƟĮed ;see &igure 1Ϳ͘ AŌer the Įrst round oĨ selecƟon 
on Ɵtle and abstracts, 3ϵ Ĩull-teǆt arƟcles ǁere assessed Ĩor eligibility͘  Another tǁo studies 
retrieved through reĨerence lists ǁere included͘ &inally, a total number oĨ 11 studies, covering 
6218 KC ƉaƟents reĨerred Ĩor NA analysis, ǁere included in this revieǁ͘ϳ,8,26,2ϵ-36
WƌŽďĂďŝůŝƚǇŽĨĐĂƌƌǇŝŶŐĂŵƵƚĂƟŽŶŝŶǁŽŵĞŶǁŝƚŚK
The mean overall Ɖrobability oĨ Įnding a germline BRCA1/2 mutaƟon in nine studies reƉorƟng 
KC ǁas 12͘ϳй ;ϵ5й conĮdence interval ΀CI΁ ϵ͘5ʹ15͘ϵͿ, eǆcluding the study oĨ sicus et al.33 
concerning only ĨalloƉian tube cancer, and the study oĨ Janavicius et al.26 consƟtuƟng an outlier 
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likely based on a Ĩounder eīect͘ Table 1 illustrates the outcomes oĨ all nine studies͘ AlsoƉ et 
al.ϳ reƉorted a germline BRCA1/2 mutaƟon in 14й oĨ 1001 ǁomen ǁith non-mucinous KC͘ 
hang et al͘8 demonstrated a similar Ɖercentage ;13йͿ in 1342 unselected Canadian ǁomen 
ǁith KC͘ ^ong et al͘30 did not conĮrm this high Ɖercentage oĨ germline BRCA1/2 mutaƟons, 
but their NA analyses did not include detecƟon oĨ deleƟons and duƉlicaƟons͘  
Records eǆcluded based 
on Ɵtle 
;n с 1052Ϳ
Records eǆcluded based on 
abstract
;n с 83Ϳ
&ull-teǆt arƟcles eǆcluded 
;n с 30Ϳ
ͻ  ^ elected ƉoƉulaƟon ;n с 8Ϳ
ͻ  No comƉrehensive NA 
tesƟng ;n с 10Ϳ
ͻ  oth selected ƉoƉulaƟon 
and no comƉrehensive 
NA tesƟng ;n с 4Ϳ
ͻ uƉlicate data ;n с 4Ϳ
ͻ  ^ tudies ǁith nфϳ5 ;n с 4Ϳ
ArƟcles added through 
reĨerence lists  
;n с 2Ϳ
Records idenƟĮed through 
PubMed search
;n с 11ϳ4Ϳ
Titles oĨ records screened 
;n с 11ϳ4Ϳ
^tudies included 
;n с 11Ϳ
&ull-teǆt arƟcles assessed  
Ĩor eligibility
;n с 41Ϳ
Abstracts oĨ records 
screened 
;n с 122Ϳ
&ŝŐƵƌĞ1͘&loǁchart oĨ literature search
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ƵƌƌĞŶƚƌĞĨĞƌƌĂůĐƌŝƚĞƌŝĂĨŽƌŐĞŶĞƟĐĐŽŶƐƵůƚĂƟŽŶ
Age of onset
The highest Ɖrobability oĨ Įnding a germline BRCA1/2 mutaƟon ǁas in KC ƉaƟents aged 
40ʹ50 years ;mean 1ϵ͘ϳй ΀ϵ5й CI 15͘1ʹ24͘3΁Ϳ, closely Ĩolloǁed by the age grouƉ 50ʹ60 years 
;mean 14͘8й ΀ϵ5й CI ϳ͘8ʹ21͘ϳ΁Ϳ͘ In ǁomen ǁith KC aged 40 years or younger, a mutaƟon 
ǁas Ĩound in 10й ;ϵ5й CI 3͘2ʹ16͘ϵͿ͘ The Ɖrobability that ǁomen ǁith KC older than 60 
years have a germline BRCA1/2 mutaƟon ranged Ĩrom 2й to 11й ;mean ϳ͘1й ΀ϵ5й CI 4͘4ʹ
10͘0΁Ϳ͘ Kne third to halĨ oĨ all germline BRCA2 mutaƟons ǁere Ĩound in ǁomen above 60 
years͘ϳ,8,26,2ϵ,30,32,33,35,36
Family and personal history
A ƉosiƟve Ĩamily history oĨ breast andͬor ovarian cancer is diīerently deĮned in the included 
studies͖ some studies only reƉorted Įrst-degree relaƟves ǁith breast andͬor ovarian cancer, 
ǁhereas others roughly classiĮed Ĩamily history into ƉosiƟve or negaƟve including second- 
andͬor third-degree relaƟves͘ This diīerenƟaƟon is shoǁn in Table 1͘ A ƉosiƟve Ĩamily 
history increases the chance oĨ idenƟĨying ǁomen ǁith a germline BRCA1/2 mutaƟon ;mean 
Ɖrobability 26͘4й ΀ϵ5й CI 20͘5ʹ32͘3΁Ϳ͖ although, a signiĮcant Ĩamily history is absent in 2ϳʹ56й 
oĨ the germline BRCA1/2 mutaƟon carriers͘ The mean Ɖrobability oĨ Įnding a germline BRCA1/2 
mutaƟon in an KC ƉaƟent ǁithout a ƉosiƟve Ĩamily history Ĩor breast andͬor ovarian cancer is 
6͘2й ;ϵ5й CI 3͘2ʹϵ͘1Ϳ͘ In the study oĨ Vicus et al.33, more than halĨ oĨ the ǁomen ǁith ĨalloƉian 
tube cancer and a Įrst-degree relaƟve ǁith breast or ovarian cancer ǁere carrier oĨ a germline 
BRCA1/2 mutaƟon͘ >ess than 10й oĨ the ǁomen ǁith KC in the studies oĨ AlsoƉ et al.ϳ, Pal et 
al.35 and Walsh et al.32 had a Ɖrior breast cancer diagnosis͘ KĨ these ǁomen ǁith Ɖrior breast 
cancer, 50й or more ǁas harbouring a germline BRCA1/2 mutaƟon ;Table 1Ϳ͘ 
Histology 
The Ɖrobability oĨ Įnding a germline BRCA1/2 mutaƟon is also associated ǁith the histological 
tyƉe oĨ KC͘ Germline BRCA1/2 mutaƟons ǁere rarely Ɖresent to absent in ǁomen ǁith 
invasive mucinous ovarian cancer͘ 8,35,3ϳ-3ϵ KĨ the studies included in our revieǁ, tǁo eǆcluded 
mucinous ovarian cancersϳ,31, and Įve reƉorted on the Ɖresence oĨ this tyƉe oĨ ovarian cancer 
in ǁhich only one study Ĩound BRCA1/2 mutaƟon in ǁomen ǁith mucinous tumours ;Table 
1Ϳ͘ In our revieǁ, mean Ɖrobability oĨ Įnding a germline BRCA1/2 mutaƟon in serous KC 
ǁas 14͘5й ;ϵ5й CI ϵ͘ϳʹ1ϵ͘3Ϳ͖ in ĨalloƉian tube cancer, this Ɖrobability ǁas higher, 34й͘33 In 
a recent study oĨ ^chrader et al.31, germline BRCA1/2 mutaƟons ǁere eǆclusively associated 
ǁith high-grade serous histology, only tǁo other recent studies diīerenƟated betǁeen high-
grade and loǁ-grade serous ovarian cancer͘ ϳ,30 ndometrioid, clear-cell and other histology 
;undiīerenƟated, miǆed or unsƉeciĮedͿ ǁere associated ǁith loǁer ƉrobabiliƟes oĨ Įnding a 
germline BRCA1/2 mutaƟon ;ϳ͘ϳй ΀ϵ5й CI 4͘8ʹ10͘6΁, 4͘ϵй ΀ϵ5й CI 1͘6ʹ8͘1΁, 12͘3й ΀ϵ5й CI 
5͘4ʹ1ϵ͘2΁, resƉecƟvelyͿ͘ 
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This revieǁ shoǁs that the Ɖrobability oĨ Įnding a germline BRCA1/2 mutaƟon in KC ƉaƟents 
is above 10й͘ We reƉorted on three eǆisƟng reĨerral criteria, age oĨ onset, Ɖersonal or Ĩamily 
history and histology, Ĩor geneƟc counselling in ǁomen ǁith KC͘ Kverall, those not ĨulĮlling 
these criteria also have a substanƟal Ɖrobability oĨ carrying a germline BRCA1/2 mutaƟon͘ 
The overall Ɖrobability oĨ Įnding a germline BRCA1/2 mutaƟon considerably diīers betǁeen 
the included studies, ǁhich could ƉarƟally be eǆƉlained by diīerences in inclusion oĨ 
histological tyƉes, conƟnents ǁith various ƉoƉulaƟons, contribuƟon oĨ Ashkenaǌi Jeǁs, and 
methods oĨ DNA analyses͘ 
Age oĨ onset oĨ KC is an imƉortant criterion Ĩor reĨerral Ĩor geneƟc counselling and tesƟng͘ 
The highest Ɖrobability oĨ Įnding a germline BRCA1/2 mutaƟon ǁas Ĩound in KC ƉaƟents 
aged 40ʹ50 years͖ Ĩor ǁomen above 60 years, this Ɖrobability is just beloǁ 10й͘ As the 
average age oĨ onset oĨ KC in germline BRCA2 mutaƟon carriers hardly diīers Ĩrom ǁomen 
ǁith sƉoradic KCϳ,8, aƉƉlying an age criterion ǁill result in not idenƟĨying germline BRCA2 
mutaƟon carriers͘ Another criterion is a Ĩamily history oĨ breast andͬor ovarian cancer͘  In 
all included studies, the Ɖrobability oĨ Įnding a germline BRCA1/2 mutaƟon ǁas loǁer than 
10й in KC ƉaƟents ǁith a negaƟve Ĩamily history͘  ,oǁever, a negaƟve Ĩamily history ǁill 
not saĨely eǆclude the Ɖresence oĨ a germline BRCA1/2 mutaƟon͘ AddiƟonally, ǁith today s͛ 
increasingly smaller Ĩamilies, the inĨormaƟon obtained Ĩrom the Ɖedigree data is ĨreƋuently 
inadeƋuate͘ Moreover, the accuracy oĨ Ĩamily history recording is suboƉƟmal in ǁomen ǁith 
KC͘40,41 oth a breast and ovarian cancer diagnosis in one ƉaƟent gives a high Ɖrobability 
oĨ Įnding a germline BRCA1/2 mutaƟon, but this criterion is only aƉƉlicable Ĩor a small 
ƉroƉorƟon oĨ ǁomen ǁith KC͘ϳ,32,35 ^elecƟon based on tyƉe oĨ histology ǁill also result 
in missing germline BRCA1/2 mutaƟons͖ although eǆcluding mucinous ovarian cancers may 
be jusƟĮable͘ϳ,31 ^erous KC gives the highest Ɖrobability oĨ Įnding a germline BRCA1/2 
mutaƟon, and aŌer straƟĨying Ĩor loǁ- and high-grade serous tumours, this Ɖrobability ǁill 
most likely increase in high-grade serous KC͘ Although, this straƟĮcaƟon is oŌen not yet 
aƉƉlied͘ The ƉotenƟal risk oĨ misclassiĨying the tyƉe oĨ histology should be taken into account 
because reassessment oĨ Ɖathology may lead to reclassiĮcaƟon oĨ the histological tyƉe being 
sensiƟve to inter-observer variability͘ ϳ 
,ereditary risk assessment strongly deƉends on reĨerral by health ƉroĨessionals as ǁell 
as ƉaƟents͛ uƉtake͘ In general, the reĨerral rate Ĩor geneƟc counselling and tesƟng among 
ǁomen ǁith KC is loǁ ;ϳйͿϳ, even among those ǁith a substanƟal risk Ĩor germline BRCA1/2 
mutaƟon due to Ɖersonal or Ĩamily history ;1ϵʹ48йͿ͘ϳ,21,42-44 DesƉite a clear Canadian 
guideline advising to reĨer all ǁomen ǁith KC Ĩor germline BRCA1/2 tesƟng, only 23й ǁere 
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seen Ĩor geneƟc counseling suggesƟng the eǆistence oĨ barriers͘45 A recent Norǁegian study 
reƉorted an uƉtake oĨ 68й Ĩor germline BRCA1/2 mutaƟon tesƟng in ǁomen ǁith KC͘46 The 
ƉaƟents͛ uƉtake may be inŇuenced by unaǁareness oĨ the availability oĨ germline BRCA1/2 
mutaƟon tesƟng͘ Costs oĨ geneƟc tesƟng together ǁith insuĸcient insurance comƉensaƟon 
may be other barriers͘4ϳ ,oǁever, there ǁas an overall acceƉtance and ǁillingness to be 
tested iĨ it directly aīected their treatment or solely to beneĮt their Ĩamily͘ 48,4ϵ When KC 
diagnosis, indeƉendently oĨ addiƟonal criteria, is suĸcient Ĩor reĨerral Ĩor geneƟc counselling 
and tesƟng, this may Ĩacilitate imƉlementaƟon͘ It is easy to remember and to aƉƉly Ĩor all 
Ɖhysicians͘ Considering the beneĮt oĨ this uniĨormity and the small contribuƟon oĨ mucinous 
histology oĨ all KC s͛ ;2͘ϳʹ10͘1йͿ, it seems arguable not to eǆclude mucinous KC ǁith its very 
loǁ Ɖrobability oĨ Įnding a BRCA1/2 mutaƟon Ĩrom reĨerral Ĩor geneƟc counselling͘ Although, 
criƟcally revieǁing the subseƋuent need Ĩor BRCA1/2 mutaƟon tesƟng is recommended Ĩor 
this sƉeciĮc grouƉ͘ 
Noǁadays, the Ɖresence oĨ a germline mutaƟon in BRCA1/2 genes in ǁomen ǁith KC can 
Ɖrovide insight in the Ɖrognosis and may inŇuence theraƉy choice͘ Tǁo recent meta-analyses 
shoǁed beƩer Ɖrognosis Ĩor germline BRCA1/2 mutaƟon carriers ǁith KC comƉared to 
ǁomen ǁith sƉoradic KC͘50,51 This beƩer Ɖrognosis is related to a greater sensiƟvity to 
ƉlaƟnum-based chemotheraƉy in ƉaƟents ǁith BRCA1/2 mutaƟon due to an imƉaired ability 
to reƉair double-stranded DNA breaks through homologous recombinaƟon ;,RͿ͘52 In addiƟon, 
BRCA1/2 mutaƟon carriers ǁith KC are susceƉƟble to treatment ǁith Ɖoly ;ADP-riboseͿ 
Ɖolymerase ;PARPͿ inhibitors͘53-55 Treatment ǁith PARP inhibitors could be eǆtended to all 
KC tumours ǁith ,R deĨects ǁhich account Ĩor aƉƉroǆimately 50й oĨ all high-grade serous 
KC͘54,56 The role oĨ BRCA1/2-mediated ,R ;͞RCAness͟Ϳ Ɖathǁay is diverse and includes 
somaƟc mutaƟons, silencing oĨ BRCA1 by eƉigeneƟc mechanism or dysĨuncƟon oĨ genes 
ǁithin RCA-associated Ɖathǁays͘5ϳ,58 We strongly believe that current theraƉy oƉƟons in 
;recurrentͿ KC ǁarrant oīering germline BRCA1/2 mutaƟon tesƟng to all ǁomen ǁith KC͘
&or Ĩamily members oĨ ǁomen ǁith KC, knoǁledge about the germline BRCA1/2 mutaƟon 
status is oĨ substanƟal imƉortance due to the ǁell-established risk-reducing strategies Ĩor 
breast and ovarian cancer͘  Risk-reducing mastectomy and breast screening seem to oīer 
comƉarable survival, ǁhereas risk-reducing salƉingo-ooƉhorectomy is most eīecƟve in 
reducing ovarian cancer mortality͘ 5ϵ The beneĮts oĨ germline BRCA1/2 tesƟng ǁill outǁeigh 
the disadvantages, and the Ɖsychological imƉact oĨ receiving a ƉosiƟve test result seems 
limited and temƉorary͘ 60-62 
To summarise, the Ɖrobability oĨ harbouring a germline BRCA1/2 mutaƟon in all ǁomen ǁith 
KC is above 10й, and ǁe strongly recommend that every ǁoman ǁith KC, regardless oĨ 
age, Ɖersonal or Ĩamily history or histology, should be oīered a reĨerral Ĩor geneƟc counselling 
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andͬor tesƟng͖ otherǁise, an imƉortant Ɖart oĨ germline BRCA1/2 mutaƟon carriers ǁill be 
missed͘ 
A<NKt>'DNdS
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ASdZAd
KďũĞĐƟǀĞ
Ɖithelial ovarian cancer in ǁomen 40 years or younger is rare͖ diagnosis at this age jusƟĮes 
reĨerral Ĩor geneƟc tesƟng͘ We evaluated clinical data, Ĩamily history, and risk oĨ idenƟĨying 
BRCA1/2 mutaƟons in ǁomen ǁith early-onset eƉithelial ovarian cancer͘  
DĞƚŚŽĚƐ
Women 40 years or younger ǁith eƉithelial ovarian cancer tested Ĩor BRCA1/2 mutaƟon 
at our deƉartment oĨ human geneƟcs betǁeen 1ϵϵ6 and 2012 ǁere included͘ The rate oĨ 
BRCA1/2 mutaƟon ǁas obtained͖ carriers ǁere comƉared to noncarriers regarding clinical 
data͘ 
ZĞƐƵůƚƐ 
Ten ;1ϵйͿ oĨ 52 ǁomen had a BRCA1/2 mutaƟon͘ This mutaƟon ǁas detected in 6ϳй oĨ the 
ǁomen ǁith and in ϵй oĨ the ǁomen ǁithout Įrst-degree relaƟves ǁith breast andͬor ovarian 
cancer ;p ф 0͘001͖ &isher eǆact testͿ͘ The median age at diagnosis ǁas loǁer in noncarriers 
comƉared to the carriers ;30 vs 38 years͖ p с 0͘014Ϳ͘ Among the BRCA1/2 mutaƟon carriers, 
60й had serous tumours, 80й moderately to Ɖoorly diīerenƟated tumours, and ϳ0й 
InternaƟonal &ederaƟon oĨ Gynecology and Kbstetrics stage IIIͬIV comƉared to 55й, 43й, 
and 45й, resƉecƟvely, in the noncarriers͘
ŽŶĐůƵƐŝŽŶ
The risk oĨ Įnding a BRCA1/2 mutaƟon in ǁomen 40 years or younger is comƉarable to ǁomen 
oĨ all ages ǁith eƉithelial ovarian cancer͘  Prior Ɖrobability oĨ Įnding a BRCA1/2 mutaƟon in 
these young ǁomen is largely determined by their Ĩamily history, ǁhich can helƉ caregivers 
in inĨorming ahead oĨ geneƟc counseling and tesƟng͘
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Ɖithelial ovarian cancer ;KCͿ accounts Ĩor only 3й oĨ malignancies in ǁomen but is the 
ĮŌh most common cause oĨ cancer death in ǁomen͘1 Most ƉaƟents ǁith KC Ɖresent ǁith 
advanced-stage disease leading to a Ɖoor Įve-year survival͘ Ɖithelial ovarian cancer is 
Ɖrimarily a disease oĨ ƉostmenoƉausal ǁomen ǁith the highest incidence in siǆth decade͖ 
only 10й oĨ the ƉaƟents are younger than 40 years͘2 Although the origin and Ɖathogenesis 
oĨ KC are sƟll Ɖoorly understood, numerous risk Ĩactors Ĩor develoƉing KC have been 
idenƟĮed͘3,4 The most imƉortant risk Ĩactor Ĩor KC is a ƉosiƟve Ĩamily history oĨ KC, ǁhich 
may indicate a hereditary ƉredisƉosiƟon͘ ThereĨore, adeƋuate Ĩamily history taking in ǁomen 
ǁith KC is imƉortant Ĩor both themselves and their relaƟves to get inĨormed about Ɖossible 
elevated risks oĨ diīerent malignancies͘3,5,6
More than 10й oĨ all KCs are inherited in an autosomal dominant Ĩashion ǁith variable 
Ɖenetrance͘3,ϳ-ϵ More than ϵ0й oĨ the hereditary KCs caused by high-Ɖenetrance susceƉƟbility 
genes are linked to germline breast cancer ;BRCA1/2Ϳ gene mutaƟons, ǁhereas mutaƟons in 
the mismatch reƉair genes ;>ynch syndromeͿ account Ĩor most oĨ the remaining ƉroƉorƟon͘10 
The liĨeƟme risk oĨ develoƉing KC at age ϳ0 years in ǁomen harbouring a BRCA1 or BRCA2 
mutaƟon is 40й and 18й, resƉecƟvely͘ 11 BRCA1/2-related KC is Ɖredominantly oĨ serous 
histology, Ɖoorly diīerenƟated, and ǁith advanced InternaƟonal &ederaƟon oĨ Gynecology 
and Kbstetrics ;&IGKͿ stage at the Ɵme oĨ diagnosis͘12-15 Kverall, hereditary KC seems to 
have a beƩer Įve-year survival rate than sƉoradic KC͘12,16,1ϳ BRCA1/2 mutaƟon carriers have 
an even higher risk oĨ develoƉing breast cancer ;BRCA1, 5ϳй͖ BRCA2, 4ϵйͿ11͖ but generally 
the Ɖrognosis oĨ breast cancer is much beƩer comƉared to KC͘18
The incidence oĨ BRCA1/2-related KC is scarcely studied in ǁomen 40 years or younger 
and seems to be loǁ, ranging Ĩrom 3й to 16й, ǁhereas BRCA-related KC under 30 years is 
eǆtremely rare͘ϳ-ϵ,13,16,1ϵ Women 40 years or younger ǁith KC seem to diīer Ĩrom ǁomen 40 
years or older ǁith KC ǁith resƉect to more diīerenƟated tumours, early-stage disease, and 
more mucinous and endometrioid histological tyƉes, instead oĨ the more common serous 
subtyƉe, and a beƩer Įve-year survival͘20
The clinical use oĨ geneƟc tesƟng is ǁidely acceƉted in ǁomen ǁith a Ɖersonal history oĨ 
breast cancer at young age or KC at any age͘21 The characterisƟcs oĨ KC and imƉlicaƟons oĨ 
a Ɖossible hereditary ƉredisƉosiƟon in the young grouƉ oĨ ƉaƟents 40 years or younger  ǁith 
KC is hardly studied͘
To our knoǁledge, no studies invesƟgated ƉotenƟal diīerences in Ĩamily history and 
histoƉathology in BRCA1/2 mutaƟon carriers versus noncarriers 40 years or younger ǁith 
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KC͘ These young ǁomen ǁith KC are oŌen reĨerred to a geneƟc counselling unit to 
consider geneƟc tesƟng to idenƟĨy a Ɖossible hereditary basis͘ The aim oĨ this study ǁas to 
invesƟgate clinical data, Ĩamily history and rate oĨ BRCA1/2 mutaƟons in ǁomen 40 years or 
younger ǁith KC͘ &urthermore, clinical data and Ĩamily history ǁere comƉared betǁeen 
BRCA1/2 carriers and noncarriers to oƉƟmiǌe the Ɖrovided inĨormaƟon Ɖrior reĨerral to 
geneƟc counselling͘ 
Dd,KS
WĂƟĞŶƚƐ
All ƉaƟents 40 years or younger ǁith invasive eƉithelial ovarian, ĨalloƉian tube or Ɖeritoneal 
cancer ǁho underǁent BRCA1/2 mutaƟon analysis at the deƉartment oĨ human geneƟcs 
at the Radboud university medical center, Nijmegen, the Netherlands, betǁeen January 
1ϵϵ6 and AƉril 2012 ǁere included͘ The BRCA1/2 mutaƟons ǁere idenƟĮed by analysis oĨ 
the enƟre coding seƋuences and intronͬeǆon boundaries oĨ the genes͘ MulƟƉleǆ ligaƟon-
deƉendent Ɖrobe amƉliĮcaƟon ǁas used to test Ĩor eǆon deleƟons or duƉlicaƟons͘  
Data Ĩrom medical records ǁere collected͗ age oĨ diagnosis, BRCA1/2 mutaƟon status, 
tumour details, Ɖersonal history oĨ breast cancer, and Ĩamily history ;Įrst-degree and second-
degree relaƟvesͿ oĨ breast andͬor ovarian cancer͘  &amily history ǁas considered ƉosiƟve 
ǁhen a ƉaƟent reƉorted at least one Įrst- andͬor second-degree relaƟve ǁith breast andͬ
or ovarian cancer, regardless oĨ age at diagnosis͘ Pathology records Ĩrom Pathologisch 
Anatomisch >andelijk GeautomaƟseerd ArchieĨ͖ Pathological Anatomy NaƟonal Automated 
Archive ;PA>GAͿ22, the naƟonǁide netǁork and registry oĨ histo- and cytoƉathology in the 
Netherlands, ǁere used to determine histological subtyƉe and grade͘ Data on date oĨ death 
ǁere eǆtracted Ĩrom the municiƉal register͘  Clinical Ɖathological Ĩeatures and Ĩamily history 
ǁere comƉared betǁeen BRCA1/2 mutaƟon carriers and Ɖroven noncarriers͘
SƚĂƟƐƟĐĂůĂŶĂůǇƐŝƐ
^taƟsƟcal analysis ǁas ƉerĨormed using ^P^^ soŌǁare version 18͘0 ;^P^^ Inc͘, Chicago, I>Ϳ͘ 
NonƉarametric tests ǁere used Ĩor not normally distributed data͖ medians ǁere comƉared 
uƟliǌing indeƉendent-samƉles median tests͘ The &isher eǆact test ǁas used to test associaƟons 
betǁeen categoriǌed data͘ A tǁo-sided p-value ф 0͘05 ǁas considered staƟsƟcally signiĮcant͘
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ZSU>dS
KĨ 52 ǁomen 40 years or younger ǁith KC ǁho underǁent DNA analysis, 10 ǁomen ;1ϵйͿ 
ǁere Ĩound to harbour a germline mutaƟon in either BRCA1 ;eight ƉaƟentsͿ or BRCA2 
;tǁo ƉaƟentsͿ͘ Table 1 Ɖrovides an overvieǁ oĨ ƉaƟents͛ characterisƟcs͘ The median age 
at diagnosis ǁas signiĮcantly loǁer in noncarriers comƉared to ǁomen ǁith a BRCA1/2 
mutaƟon ;30 years vs 38 years͖ p с 0͘014Ϳ͘ All BRCA1/2 mutaƟon carriers ǁere 3ϳ years 
or older at Ɵme oĨ diagnosis, eǆceƉt one 26-year-old BRCA2 mutaƟon carrier͘  Pathology 
reƉorts ǁere available Ĩor 51 ƉaƟents ;ϵ8йͿ͘ A serous histological subtyƉe oĨ KC ǁas Ĩound 
in more than halĨ oĨ the ǁomen in both grouƉs͗ in 55й oĨ the noncarriers and in 60й oĨ 
the BRCA1/2 mutaƟon carriers͘ No endometrioid KCs ǁere reƉorted in BRCA1/2 mutaƟon 
carriers, ǁhereas three noncarriers had an endometrioid KC͘ All but one KC in BRCA1/2 
mutaƟon carriers ǁere moderately to Ɖoorly diīerenƟated͖ a 26-year-old BRCA2 mutaƟon 
carrier had a ǁell diīerenƟated stage IC mucinous KC͘ No other mucinous subtyƉe ǁas 
Ĩound in BRCA1/2 carriers, ǁhereas 12 noncarriers had a mucinous KC͘ 
dĂďůĞ1Clinical and histoƉathological Ĩeatures oĨ ǁomen 40 years or younger ǁith KC
BRCA1/2ŵƵƚĂƟŽŶ
ĐĂƌƌŝĞƌƐ;Ŷс10Ϳ
WƌŽǀĞŶŶŽŶĐĂƌƌŝĞƌƐ
;Ŷс42Ϳ
p-ǀĂůƵĞ
Age at diagnosis, median ;rangeͿ, years 38 ;26͵40Ϳ 30 ;18͵40Ϳ 0͘014
,istory oĨ breast cancer, n ;йͿ 1 ;10Ϳ 3 ;ϳͿ 0͘5ϳ1
Death, n ;йͿ ϳ ;ϳ0Ϳ 11 ;26Ϳ 0͘011
Time to death, median ;rangeͿ, years 2͘8 ;2͘3͵6͘6Ϳ 1͘3 ;0͘4͵1ϵ͘5Ϳ 0͘04ϵ
,istology, n ;йͿ  0͘145
     ^erous 6 ;60Ϳ 23 ;55Ϳ
     Mucinous 1 ;10Ϳ 12 ;2ϵͿ
     ndometrioid 0 4 ;10Ϳ
     Clear cell 1 ;10Ϳ 2 ;5Ϳ
     Adenocarcinoma 2 ;20Ϳ 1 ;2Ϳ
Grade, n ;йͿ 0͘105
     Well 1 ;10Ϳ 18 ;43Ϳ
     Moderately 5 ;50Ϳ 10 ;24Ϳ
     Poorly 3 ;30Ϳ 8 ;1ϵͿ
     Missing 1 ;10Ϳ 6 ;14Ϳ
&IGK stage, n ;йͿ 0͘2ϵ2
     I 2 ;20Ϳ 1ϳ ;40Ϳ
     II 1 ;10Ϳ 4 ;10Ϳ
     III 5 ;50Ϳ 1ϳ ;40Ϳ
     IV 2 ;20Ϳ 2 ;5Ϳ
     Missing 0 2 ;5Ϳ
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No diīerence ǁas Ĩound in the Ɖrevalence oĨ breast cancer in BRCA1/2 mutaƟon carriers and 
noncarriers͗ three noncarriers ;ϳйͿ had a diagnosis oĨ metachronous breast cancer 8, 1ϳ, and 
20 years, resƉecƟvely, aŌer the diagnosis oĨ KC͘ A 38-year-old BRCA1 mutaƟon carrier treated 
Ĩor breast cancer had a subseƋuent diagnosis oĨ KC by Ɖleural eīusion ƉostoƉeraƟvely͘  Tǁo 
unclassiĮed variants in BRCA2 ǁere Ĩound͖ one Ɖossibly Ɖathogenic mutaƟon in a 3ϵ-year-old 
ǁomen ǁith a serous KC and a second-degree relaƟve ǁith breast cancer at age 42, and 
one variant that is eǆƉected not to aīect the Ɖrotein ĨuncƟon in a 24-year-old ǁomen ǁith a 
mucinous KC ǁho develoƉed breast cancer at the age oĨ 43͘ 
The risk oĨ dying oĨ KC seems to be higher in BRCA1/2 mutaƟon carriers than in noncarriers, 
ǁith a similar Ĩolloǁ-uƉ Ɖeriod͘ ,oǁever, the median Ɵme to death in noncarriers is 
signiĮcantly shorter than in BRCA1/2 mutaƟon carriers ;Table 1Ϳ͘ KĨ all ǁomen ǁith a &IGK 
stage IͬII ;24 ǁomenͿ, only three noncarriers died ǁithin three years aŌer diagnosis oĨ a 
moderately or Ɖoorly diīerenƟated KC ;1 mucinous, 1 clear cell and 1 adenocarcinomaͿ͘ 
All BRCA1/2 mutaƟon carriers ǁith a &IGK stage IIIͬIV ;seven ǁomenͿ died oĨ serous or not 
Ĩurther classiĮed KC ǁithin seven years aŌer diagnosis͘ ight ;42йͿ oĨ 1ϵ noncarriers died oĨ 
a &IGK stage IIIͬIV KC, in ǁhich all diīerent histological tyƉes ǁere reƉresented͘ The risk oĨ 
dying ǁas associated ǁith the grade and &IGK stage oĨ the KC͘ ,aving a ǁell, moderately, or 
Ɖoorly diīerenƟated KC leads to a risk oĨ dying oĨ 0й ;0ͬ1ϵͿ, 4ϳй ;ϳͬ15Ϳ and ϵ1й ;10ͬ11Ϳ, 
resƉecƟvely ;p ф 0͘001Ϳ, irresƉecƟve to Ɖresence or absence oĨ a BRCA1/2 mutaƟon͘ Data 
on Ĩamily history ǁere available Ĩor all ƉaƟents͘ In total, 41 cases oĨ breast andͬor ovarian 
cancer in Ĩemale Ĩamily members ǁere reƉorted͘ Table 2 shoǁs an overvieǁ oĨ the Ĩamily 
history oĨ breast andͬor ovarian cancer oĨ all ǁomen 40 years or younger ǁith KC divided 
into BRCA1/2 mutaƟon carriers and noncarriers͘ A BRCA1/2 mutaƟon ǁas detected in 6ϳй 
oĨ the ǁomen ǁith and ϵй oĨ the ǁomen ǁithout Įrst-degree relaƟves ǁith breast andͬor 
ovarian cancer ;p ф 0͘001͖ &isher eǆact testͿ͘ ^ubdividing this last grouƉ, the loǁest risk oĨ 
carrying a BRCA1/2 mutaƟon ǁas Ĩound in ǁomen ǁith a negaƟve Įrst-degree and second-
degree Ĩamily history oĨ breast andͬor ovarian cancer ;ϳйͿ͖ this risk is almost doubled ǁhen 
a second-degree relaƟve is aīected ǁith breast andͬor ovarian cancer ;13йͿ, although this 
increase is not signiĮcantly diīerent͘ 
dĂďůĞ2&amily history oĨ breast andͬor ovarian cancer in ǁomen 40 years or younger ǁith KC 
BRCA1/2ŵƵƚĂƟŽŶ
ĐĂƌƌŝĞƌƐ;Ŷс10Ϳ
WƌŽǀĞŶŶŽŶĐĂƌƌŝĞƌƐ
;Ŷс42Ϳ
ZŝƐŬŽĨĮŶĚŝŶŐ
BRCA1/2ŵƵƚĂƟŽŶ
&GR ;n с ϵͿ 6 ;60Ϳ 3 ;ϳͿ 6ͬϵ ;6ϳͿ
No &GR ;n с 43Ϳ 4 ;40Ϳ 3ϵ ;ϵ3Ϳ 4ͬ43 ;ϵͿ
KnlǇ ^'R ;n с 16Ϳ 2 ;20Ϳ 14 ;33Ϳ 2/16 ;13Ϳ
Eo &'R/^'R ;n с 27Ϳ 2 ;20Ϳ 25 ;60Ϳ 2/27 ;7Ϳ
Values are eǆƉressed as number ;йͿ͘ &GR, Įrst degree relaƟve͖ ^GR, second degree relaƟve͘ 
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Diīerences in median age at breast cancer diagnosis ǁere reƉorted in Ĩamily members oĨ 
BRCA1/2 mutaƟon carriers and noncarriers ;median age 4ϵ͘5͖ range 35ʹϳ0͖ 16 ǁomen versus 
median age 6ϵ͖ range 36ʹ83͖ 1ϳ ǁomen͖ p с 0͘003Ϳ͘ As only eight Ĩamily members had a 
diagnosis oĨ KC, reƉorƟng median age at diagnosis ǁould not be meaningĨul͘ Three cases oĨ 
bilateral breast cancer ǁere reƉorted in one BRCA1/2 ƉosiƟve Ĩamily͘   
/SUSS/KN
Kur Įndings illustrate that Ɖrior Ɖrobability oĨ carrying a BRCA1/2 mutaƟon in ǁomen 40 
years or younger ǁith KC, likeǁise ǁomen oĨ all ages ǁith KC, largely deƉends on their 
Ĩamily history oĨ breast andͬor ovarian cancer͘  A BRCA1/2 mutaƟon ǁas detected in 6ϳй oĨ 
the ƉaƟents ǁith and ϵй oĨ the ƉaƟents ǁithout Įrst-degree relaƟves ǁith breast andͬor 
ovarian cancer͘  Thus, beĨore reĨerral to geneƟc counseling, these young ƉaƟents and their 
relaƟves can already obtain more individualiǌed inĨormaƟon on the eǆƉected risk oĨ Įnding 
a BRCA1/2 mutaƟon͘ 
In 10 ;1ϵйͿ oĨ 52 ǁomen 40 years or younger ǁith KC, ǁe Ĩound a BRCA1/2 mutaƟon͘ This 
is slightly higher than reƉorted in a ƉoƉulaƟon-based study oĨ AlsoƉ et al.ϳ in ǁhich ϳ ;16йͿ oĨ 
45 ǁomen 40 years or younger ǁith KC had a BRCA1/2 mutaƟon͘ &reƋuencies oĨ BRCA1/2 
mutaƟons in other ƉoƉulaƟon-based studies ǁere betǁeen 13 and 18й, indiscriminately oĨ 
age at KC diagnosis͘8,1ϵ,23
To our knoǁledge, young age at diagnosis oĨ KC has not been a main Ĩocus oĨ earlier studies 
ǁith resƉect to BRCA1/2 mutaƟons and Ĩamily history͘  Nevertheless, diīerences in age 
grouƉs ǁere reƉorted observing a loǁer risk than ours oĨ Įnding a BRCA1/2 mutaƟon in 
this ƉarƟcular age grouƉ, ranging betǁeen 0й and 16й͘ AlsoƉ et al.ϳ Ĩound a comƉarable 
ƉroƉorƟon oĨ BRCA1/2 mutaƟon carriers in ǁomen 40 years or younger ǁith KC͘ Another 
ƉoƉulaƟon-based study among 1342 ǁomen ǁith KC reƉorted that ǁomen diagnosed in 
their 40s had the highest ;24йͿ BRCA1/2 mutaƟon ĨreƋuency oĨ any age grouƉ͘ The ĨreƋuency 
in ǁomen aged 30 to 3ϵ years ǁas 11й ;82 ǁomenͿ, no BRCA1/2 mutaƟon ǁas reƉorted 
under 30 years ;11 ǁomenͿ͘8 UnĨortunately, this study has a ƉotenƟal survival bias ǁhereas 
ƉaƟents ǁho ǁere deceased at Ɵme oĨ ascertainment ǁere eǆcluded͘ Walsh et al.23 reƉorted 
10 ǁomen younger than 40 years ǁith KC in ǁhich no BRCA1/2 mutaƟons ǁere Ĩound͘ They 
concluded that age at diagnosis oĨ KC ǁas not generally associated ǁith the likelihood oĨ 
harbouring an inherited mutaƟon, although ǁomen diagnosed younger than 40 or at age ϳ0 
or older ǁere less likely to carry mutant alleles͘23 ^urƉrisingly, ǁe Ĩound one BRCA2 mutaƟon 
in a 26-year-old ǁomen ǁith a mucinous KC͘ The ƋuesƟon rises ǁhether this mucinous KC 
at this eǆtremely young age is caused by the BRCA2 mutaƟon or it is a coincidental Įnding͘ 
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&urther invesƟgaƟon oĨ the aƉƉearance oĨ this BRCA2 mutaƟon in the tumour may helƉ to 
ansǁer this ƋuesƟon͘ 
Kur data on BRCA1/2 mutaƟons and a negaƟve Ĩamily history are suƉƉorted by others, ǁho 
Ĩound a similar ĨreƋuency oĨ BRCA1/2 mutaƟon in ǁomen ǁith a negaƟve Įrst-degree Ĩamily 
history oĨ breast andͬor ovarian cancer ;8йͿ͘8,24 Although, hang et al.8 reƉorted a loǁer 
ĨreƋuency ;34йͿ oĨ BRCA1/2 mutaƟons in ǁomen ǁith a ƉosiƟve Įrst-degree Ĩamily history 
irresƉecƟve oĨ age at diagnosis͘ &urthermore, Walsh et al.23 reƉorted that oĨ all ǁomen ǁith 
inherited mutaƟons, 31й had a negaƟve Ĩamily history oĨ breast andͬor ovarian cancer͖ 
our results reƉorted that tǁo ;20йͿ oĨ 10 ǁomen ǁith a BRCA1/2 mutaƟon had a negaƟve 
Ĩamily history͘  A negaƟve Ĩamily history in high-risk ǁomen can be the result oĨ small Ĩamily 
siǌe, lack oĨ communicaƟon betǁeen Ĩamily members, Ɖredominance oĨ males, incomƉlete 
Ɖenetrance or adoƉƟon, and coincidental Įnding͘25
Kur results shoǁed that most KCs in the BRCA1/2 mutaƟon carriers is oĨ serous subtyƉe, 
advanced-staged, and moderately to Ɖoorly diīerenƟated͘ No signiĮcance diīerences ǁere 
Ĩound comƉared to noncarriers, likely oǁing to our small samƉle siǌe͘ ^olely reĨerring ǁomen 
ǁith serous KC ǁould Ɖrobably miss a certain ĨracƟon oĨ BRCA1/2 mutaƟon carriers͘ 
When selecƟng only the serous subset oĨ our cohort, siǆ ;21йͿ oĨ 2ϵ ǁomen ǁith serous 
KC ǁere harbouring a BRCA1/2 mutaƟon͘ oth Risch et al.ϵ and AlsoƉ et al.ϳ reƉorted that 
16͘5й oĨ the ǁomen ǁith serous ovarian cancer had a BRCA1/2 mutaƟon͘ Kur results on 
Ɖathology are mainly based on the Ɖathology reƉorts͖ 35й oĨ the Ɖathology ǁas Ɖrimarily 
ƉerĨormed by a gynecoƉathologist͘ AlsoƉ et al.ϳ shoǁed that immunohistoƉathology revieǁ 
might reclassiĨy most oĨ the endometrioid and clear cell KC into serous KC, indicaƟng that 
BRCA1/2 mutaƟon are almost eǆclusively associated ǁith high-grade serous KC͘ 
Risk assessment Ĩor hereditary ƉredisƉosiƟon should start ǁith adeƋuate Ĩamily history 
taking by gynecologists in ǁhich both the number oĨ unaīected and aīected Ĩamily members 
is imƉortant͘ As Ĩamily history taking by gynecologists in ǁomen ǁith KC seems to be 
less Ɖrecise than ascertained by geneƟc counselors,5,6,26,2ϳ ǁe advise reĨerral oĨ all ǁomen 
ǁith KC Ĩor geneƟc counseling͘ DesƉite advising to reĨer all ǁomen, Ĩamily history taking 
by gynecologists is sƟll clinically relevant Ɖroviding inĨormaƟon on the Ɖrior Ɖrobability oĨ 
carrying a BRCA1/2 mutaƟon͖ it ǁill give the oƉƉortunity to inĨorm ǁomen and their relaƟves 
about the eǆƉectaƟons oĨ geneƟc tesƟng͘ &urthermore, Ɖresence oĨ BRCA1/2 mutaƟon is 
also oĨ ƉrognosƟc signiĮcance and generally associated ǁith a beƩer Ɖrognosis comƉared to 
non–BRCA1/2-related KCs oĨ similar stage and histological subtyƉe͘12 ,oǁever, our results 
do not conĮrm the beƩer Ɖrognosis in this ƉarƟcular young-aged grouƉ, Ɖossibly oǁing to 
a lack oĨ Ɖoǁer͘  Kur Ɖreliminary results oĨ Ɖrognosis in ǁomen 40 years or younger ǁith 
KC deƉending on BRCA1/2 mutaƟon need Ĩurther invesƟgaƟon͘ BRCA1/2 mutaƟon status 
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may also be a Ɖredictor oĨ chemosensiƟvity ǁith evidence to suggest increased sensiƟvity 
to ƉlaƟnum and other DNA-damaging agents͘28 The recent develoƉment oĨ Ɖoly-ADP ribose 
Ɖolymerase ;PARPͿ inhibitors in ;ovarianͿ cancer treatment has added another incenƟve to 
idenƟĨy inherited risk͘2ϵ-33
The retrosƉecƟve design and the small samƉle siǌe are imƉortant limitaƟons oĨ our study͘  
,oǁever, our Ɖreliminary results suggest that Ĩuture research on  the heritable causes oĨ KC 
in young ǁomen is ǁarranted͘ We are sƉecially interested in collecƟng naƟonǁide data oĨ 
ǁomen 40 years or younger ǁith KC to look at diīerences in Ɖrognosis betǁeen BRCA1/2 
mutaƟon carriers and noncarriers ǁhile taking into account the need Ĩor straƟĮcaƟon Ĩor 
subtyƉes, grading and stage͘ Another limitaƟon is a Ɖresumable selecƟon bias because ǁe 
have not ƉerĨormed a ƉoƉulaƟon-based study͘  We eǆƉect that considerably Ɖart oĨ the 
ǁomen 40 years or younger ǁith KC ǁere reĨerred because oĨ the imƉact oĨ this diagnosis 
at young age Ĩor both doctor and ƉaƟent͘ 
In conclusion, ǁomen 40 years or younger ǁith KC aƉƉeared to have no increased risk 
oĨ BRCA1/2 mutaƟon comƉared to the general risk oĨ 13й to 20й in all ǁomen ǁith KC͘ 
sƉecially, ǁomen 40 years or younger ǁith KC ǁith a negaƟve Įrst-degree Ĩamily history 
oĨ breast andͬor ovarian cancer have a loǁ risk oĨ being BRCA1/2 mutaƟon carrier͘  This 
inĨormaƟon can imƉrove the accuracy oĨ geneƟc counseling in general, and it suƉƉorts the 
use oĨ geneƟc tesƟng in all ǁomen ǁith eƉithelial ovarian cancer͘  
A<NKt>'DNdS
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KďũĞĐƟǀĞ
To idenƟĨy inŇuencing Ĩactors oĨ BRCA1/2 mutaƟon carriers and their ƉroĨessionals Ĩor risk-
reducing salƉingectomy ;RR^Ϳ ǁith delayed ooƉhorectomy ;RRKͿ as a subsƟtute Ĩor risk-
reducing salƉingo-ooƉhorectomy ;RR^KͿ and Ĩor study ƉarƟciƉaƟon on this conceƉt͘
DĞƚŚŽĚƐ
A ƋualitaƟve study ǁas ƉerĨormed by Ĩour Ĩocus grouƉ intervieǁs ǁith 3ϵ BRCA1/2 mutaƟon 
carriers and semi-structured in-deƉth intervieǁs ǁith 23 ƉroĨessionals in the Įeld oĨ 
hereditary cancer͘  We used a theoreƟcal Ĩrameǁork oĨ determinants oĨ innovaƟon ǁithin 
healthcare organiǌaƟons to classiĨy inŇuencing Ĩactors ;barriers and ĨacilitatorsͿ͘
ZĞƐƵůƚƐ
Among BRCA1/2 mutaƟon carriers, main barriers Ĩor RR^ ǁith delayed RRK ǁere seriousness 
oĨ ovarian cancer, Ĩamily history, and Ɖrevious breast cancer͘  Among ƉroĨessionals, delay oĨ 
risk-reducing eīect oĨ ooƉhorectomy on breast cancer risk and a second oƉeraƟon ǁere 
recogniǌed as main barriers͘ oth BRCA1/2 mutaƟon carriers and ƉroĨessionals Ĩound 
uncertainty about the eīect oĨ RR^ ǁith delayed RRK and ease oĨ the decision to undergo 
RR^K imƉortant barriers͘ The main Ĩacilitator menƟoned by both ǁas longer maintenance 
oĨ ovarian ĨuncƟon thereby delaying negaƟve eīects oĨ early surgical menoƉause͘ &or study 
ƉarƟciƉaƟon, BRCA1/2 mutaƟon carriers menƟoned a randomiǌed study design as main 
barrier, ǁhereas ƉroĨessionals idenƟĮed tǁo Ĩacilitators, namely ǁillingness oĨ BRCA1/2 
mutaƟon carriers Ĩor study ƉarƟciƉaƟon and uniĨorm counseling͘ &urthermore, most BRCA1/2 
mutaƟon carriers and ƉroĨessionals ǁere ǁilling to consider ƉarƟciƉaƟon in a Ĩuture non-
randomiǌed study͘
ŽŶĐůƵƐŝŽŶ
We idenƟĮed several barriers and Ĩacilitators Ĩor RR^ ǁith delayed RRK, and Ĩor study 
ƉarƟciƉaƟon ǁhich can be addressed to oƉƟmiǌe the design and imƉlementaƟon oĨ a non-
randomiǌed study͘
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Ɖithelial ovarian cancer is the most lethal gynecological malignancy͘  More than 10й oĨ all 
eƉithelial ovarian cancers are inherited, mostly caused by a mutaƟon in the BRCA1 or BRCA2 
genes͘1-3 The liĨeƟme risk oĨ develoƉing ovarian cancer at age ϳ0 in ǁomen harbouring a 
BRCA1 or BRCA2 mutaƟon varies betǁeen 31͵40й and 6͵18й, resƉecƟvely,4,5 ǁhile the risk 
in the general ƉoƉulaƟon is 1͘ϳй͘ 
ThereĨore, risk-reducing salƉingo-ooƉhorectomy ;RR^KͿ is recommended to BRCA1/2 
mutaƟon carriers around the age oĨ 40 years͘ RR^K reduces the risk oĨ ovarian cancer by 
80͵ϵ0й͘ The earlier assumƉƟon that ƉerĨorming RR^K at ƉremenoƉausal age reduces breast 
cancer incidence by halĨ6,ϳ has recently became arguable͘8,ϵ esides the beneĮts oĨ RR^K, 
concerns are groǁing regarding the adverse eīects associated ǁith early surgical menoƉause͘ 
^hort-term eīects oĨ Ɖremature menoƉause are vasomotor and seǆual symƉtoms, ǁhich may 
not be Ĩully alleviated by the use oĨ hormone theraƉy͘ 10,11 >ong-term eīects include risk oĨ 
osteoƉorosis, cardiovascular diseases, and cogniƟve imƉairment͘12-14 AƉƉroǆimately ϳ5й oĨ 
all ovarian cancers diagnosed in BRCA1/2 mutaƟon carriers are high-grade serous cancer oĨ 
the ovaries, ĨalloƉian tubes or Ɖeritoneum͘15 ased on recent scienƟĮc insights, a signiĮcant 
majority oĨ high-grade serous ovarian cancer arise Ĩrom the ĨalloƉian tube rather than the 
ovarian surĨace eƉithelium͘16-23 Along ǁith the side eīects oĨ early menoƉause, increasing 
aƩenƟon is Ɖaid to a Ɖossible neǁ strategy oĨ risk-reducing salƉingectomy ;RR^Ϳ ǁith delayed 
risk-reducing ooƉhorectomy ;RRKͿ in BRCA1/2 mutaƟon carriers͘24-26 
To design an aƉƉroƉriate clinical trial to evaluate the saĨety oĨ RR^ ǁith delayed RRK and 
its added value on not cancer-related morbidity and mortality is an interesƟng challenge͘ 
,oǁever, a broadly based suƉƉort Ĩrom BRCA1/2 mutaƟon carriers and ƉroĨessionals in this 
Įeld is needed to give a ƉotenƟal study an oƉƟmal chance͘ ,olman et al.2ϳ recently ƉerĨormed 
an online survey in 204 ƉremenoƉausal BRCA1/2 mutaƟon carriers to study the acceƉtability 
oĨ, and interest in a clinical trial oĨ RR^ ǁith delayed RRK͘ They reƉorted that 34й ǁere 
interested in a study on this subject, 35й ǁere unsure, and 31й ǁere not interested͘ 
To our knoǁledge, no ƋualitaƟve data are yet available on the interest in RR^ ǁith delayed RRK 
and the ǁillingness oĨ both BRCA1/2 mutaƟon carriers and their ƉroĨessionals to ƉarƟciƉate 
in a study on this subject͘ ThereĨore, our objecƟve ǁas to assess Ĩactors oĨ inŇuence, both at 
BRCA1/2 mutaƟon carrier and healthcare Ɖrovider level, Ĩor the choice oĨ RR^K or RR^ ǁith 
delayed RRK, and Ĩor ǁillingness to ƉarƟciƉate in a study on this subject͘
516584-L-sub01-bw-deJong
Processed on: 26-1-2018 PDF page: 56
CHAPTER 4
56
Dd,KS
SƚƵĚǇĚĞƐŝŐŶĂŶĚƐĞƫŶŐ
A ƋualitaƟve study ǁas ƉerĨormed ǁith BRCA1/2 mutaƟon carriers and their treaƟng 
ƉroĨessionals using eǆƉloraƟve semi-structured intervieǁs in grouƉ and individual seƫng, 
resƉecƟvely͘  We oƉted Ĩor semi-structured intervieǁs to let the ƉarƟciƉants talk Ĩreely ǁith 
structured guidance Ĩrom the intervieǁer using an intervieǁ guide͘ &or BRCA1/2 mutaƟon 
carriers, ǁe chose a grouƉ seƫng as ǁe eǆƉected that this is useĨul to obtain detailed 
inĨormaƟon about Ɖersonal and grouƉ Ĩeelings, ƉerceƉƟons and oƉinions related to RR^ ǁith 
delayed RRK͘ We oƉted Ĩor individual intervieǁs ǁith ƉroĨessionals to give everyone the 
oƉƉortunity to oƉenly sƉeak one s͛ mind on this subject ǁithout the risk oĨ mutual inŇuence 
or mainly ƉoliƟcally correct ansǁers͘ 
In the Netherlands, BRCA1/2 mutaƟon analysis is concentrated in eight university hosƉitals͘ 
AŌer the diagnosis oĨ a BRCA1/2 mutaƟon, ǁomen are generally reĨerred to a surgeonͬ
oncologist and gynecologist in a university hosƉital Ĩor inĨormaƟon on risk-reducing strategies 
Ĩor breast and ovarian cancer͘  ^urveillance could take Ɖlace in either university or non-
university hosƉitals͘ 
SƚƵĚǇƉŽƉƵůĂƟŽŶ
BRCA1/2 mƵtaƟon Đarriers
BRCA1/2 mutaƟon carriers ǁere recruited Ĩrom the Radboud university medical center 
;RadboudumcͿ in Nijmegen, the Netherlands͘ &our Ĩocus grouƉ intervieǁs ǁere ƉerĨormed 
ǁith Ɖartly diīerent consƟtuƟon͘ Three Ĩocus grouƉs consisted oĨ BRCA1/2 mutaƟon carriers 
ǁho had already undergone RR^K͘ &urther selecƟon in these three grouƉs occurred on breast 
cancer history͖ one grouƉ oĨ ǁomen ǁithout breast cancer, one grouƉ oĨ ǁomen ǁith Ɖrior 
breast cancer, and one miǆed grouƉ oĨ ǁomen ǁith and ǁithout a history oĨ breast cancer͘  
The Ĩourth grouƉ included younger ǁomen ǁithout a history oĨ breast cancer ǁho had not 
yet undergone  RR^K͘ 
Professionals
^iǆ gynecological oncologists Ĩrom eight university hosƉitals and one gynecological oncologist 
Ĩrom a non-university hosƉital, all ǁith sƉecial interest Ĩor hereditary cancer, ǁere asked to 
ƉarƟciƉate in this study͘  None oĨ the gynecological oncologists oĨ our oǁn insƟtute ǁere 
included, because they iniƟated this study͘  All seven gynecological oncologists ǁere asked 
to ƉroƉose collaboraƟve ƉroĨessionals Ĩrom their deƉartment oĨ clinical geneƟcs and breast 
surveillance Ĩor study ƉarƟciƉaƟon͘ ^even clinical geneƟcists Ĩrom seven university hosƉitals 
ǁere intervieǁed͖ nine ƉroĨessionals taking care oĨ breast surveillance ƉarƟciƉated, oĨ ǁhich 
Įve surgeons, one medical oncologist, tǁo medical doctors, and one nurse ƉracƟƟoner͘     
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ĂƚĂĐŽůůĞĐƟŽŶ
BRCA1/2mƵtaƟon Đarriers
InvitaƟons Ĩor the Įrst three Ĩocus grouƉ intervieǁs ǁere sent by e-mail to 45 BRCA1/2 
mutaƟon carriers ǁho had given ǁriƩen consent to be contacted Ĩor Ĩocus grouƉ research in 
the Ɖast͘ &or the Ĩourth Ĩocus grouƉ, ǁe aƉƉroached 21 BRCA1/2 mutaƟon carriers through 
a leƩer ǁith inĨormaƟon about the study͘  AŌer one ǁeek, ǁe contacted them by Ɖhone to 
ansǁer any ƋuesƟons and to ask Ĩor consent to ƉarƟciƉate͘ 
The intervieǁ guide ǁas based on literature and on knoǁledge and eǆƉeriences oĨ all co-
authors ǁorking in the Įelds oĨ hereditary breast andͬor ovarian cancer and ƋualitaƟve 
research͘ This guide included ƋuesƟons about inŇuencing Ĩactors on the acceƉtance oĨ both 
the innovaƟon itselĨ and a study on this neǁ conceƉt͘ Prior to the intervieǁs, conĮdenƟality 
ǁas assured and the Ɖrocess oĨ the intervieǁ ǁas eǆƉlained͘ WriƩen inĨormed consent ǁas 
gained Ĩrom all ƉarƟciƉants͘ All Ĩocus grouƉ intervieǁs ǁere introduced by a 5–ϳ minutes 
ƉresentaƟon about recent and relevant insights in strategies to reduce the risk oĨ ovarian 
cancer͘  The Ĩocus grouƉ intervieǁs ǁere guided by a chairman ;J͘,͘Ϳ and tǁo researchers 
aƩended as observers ;R͘,͘ and M͘A͘Ϳ͘ The Ĩocus grouƉ intervieǁs took ϵ0–105 minutes and 
ǁere audiotaƉed aŌer consent oĨ the ƉarƟciƉants͘
Professionals
Intervieǁs ǁith 23 ƉroĨessionals ǁere ƉerĨormed in seven university hosƉitals and one non-
university hosƉital ;about three ƉroĨessionals Ɖer hosƉitalͿ irresƉecƟve oĨ data saturaƟon͘ 
In advance ǁe eǆƉected diīerent oƉinions betǁeen hosƉitals, thereĨore ǁe alloǁed all 
ƉroĨessionals to sƉeak about this toƉic͘   
The intervieǁ guide ǁas based on literature and on knoǁledge and eǆƉeriences oĨ all co-
authors containing the Ĩolloǁing toƉics͗ Ɖros and cons oĨ the neǁ conceƉt ;RR^ ǁith delayed 
RRKͿ Ĩor ƉaƟents, ƉroĨessionals, and organiǌaƟon͖ boƩlenecks oĨ a study on this subject͖ and 
suggesƟons Ĩor study design͘ Prior to the intervieǁs, conĮdenƟality ǁas assured and the 
Ɖrocess oĨ the intervieǁ ǁas eǆƉlained͘ The intervieǁs ǁere ƉerĨormed by one researcher 
;M͘A͘Ϳ, took 20–55 minutes, and ǁere audiotaƉed aŌer consent͘
AŶĂůǇƐĞƐ
oth Ĩocus grouƉ and individual intervieǁs ǁere Ĩully transcribed͘ TranscriƉts ǁere 
indeƉendently analysed by tǁo researchers ;M͘A͘ and M͘,͘Ϳ͘ The analyses ǁere conducted 
ǁith the aid oĨ ƋualitaƟve analysis tool oĨ AT>A^͘Ɵ Gmb, Version 6 ;erlin, GermanyͿ͘ We 
used a Ɖrocess oĨ constant comƉarison, originaƟng Ĩrom grounded theory͘ 28 At Įrst, ǁe read 
the comƉlete transcriƉt to become Ĩamiliar ǁith the data͘ In a second steƉ, ǁe ƉerĨormed 
oƉen coding indeƉendently oĨ one another, and stayed semanƟcally close to the ƉarƟciƉants͛ 
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ǁording͘ During this inducƟve coding Ɖrocess, the Ĩour determinants oĨ innovaƟon ǁithin 
health care organiǌaƟons ;at the level oĨ innovaƟon itselĨ, ƉaƟent, ƉroĨessional, and 
organiǌaƟonͿ deĮned by &leuren et al.2ϵ and Grol et al.30 served as ͚sensiƟǌing conceƉts͛͘  We 
analysed the inŇuencing Ĩactors Ĩor the choice oĨ RR^ ǁith delayed RRK instead oĨ RR^K, and 
subseƋuently ǁe eǆƉlored these Ĩactors Ĩor study ƉarƟciƉaƟon on this conceƉt͘ Thirdly, ǁe 
discussed our Įndings unƟl ǁe achieved mutual agreement͘ In this ǁay, aǆial codes ǁere 
deĮned͘ Neǁ insights ǁere ǁriƩen doǁn in memos͘ AŌer constant iteraƟon oĨ these steƉs, 
͚selecƟve coding͛ led to a deeƉ understanding oĨ the barriers and Ĩacilitators oĨ RR^ ǁith 
delayed RRK, and oĨ study ƉarƟciƉaƟon on this subject Ĩrom both BRCA1/2 mutaƟon carriers͛ 
and ƉroĨessionals͛ ƉersƉecƟves͘ 
As assessed by the insƟtuƟonal revieǁ board oĨ the Radboud university medical center ;CMK 
no͘ 2013ͬ050Ϳ, the study ǁas not subject to the Dutch ͚Medical Research Involving ,uman 
^ubjects Act͛ meaning that it ǁas eǆemƉt Ĩrom aƉƉroval͘
ZSU>dS
BRCA1/2 ŵƵƚĂƟŽŶĐĂƌƌŝĞƌƐ
KĨ 66 BRCA1/2 mutaƟon carriers ǁho ǁere aƉƉroached, 44 ǁomen ;6ϳйͿ agreed on study 
ƉarƟciƉaƟon, oĨ ǁhich Įve eventually ǁere unable to aƩend͘ The total ƉarƟciƉaƟon rate ǁas 
5ϵй ;3ϵͬ66Ϳ͘ CharacterisƟcs oĨ Ĩocus grouƉs are summariǌed in Table 1͘ In Ĩour Ĩocus grouƉs 
ǁith 3ϵ BRCA1/2 mutaƟon carriers, ǁe idenƟĮed 18 barriers and Ĩacilitators inŇuencing 
the choice Ĩor RR^ ǁith delayed RRK͘ We Ĩound tǁo barriers and one Ĩacilitator Ĩor study 
ƉarƟciƉaƟon on this conceƉt͘ &actors ;barriers and ĨacilitatorsͿ menƟoned in at least tǁo 
Ĩocus grouƉs are listed in Tables 2 and 4͘ &actors cited in all Ĩour Ĩocus grouƉs are described 
in the teǆt and marked in the table ǁith an asterisk ;*Ϳ͘ In both tables and teǆt, barriers and 
Ĩacilitators are ranked by the amount oĨ menƟoning͘ 
ĂƌƌŝĞƌƐĂŶĚĨĂĐŝůŝƚĂƚŽƌƐƌĞůĂƚĞĚƚŽZZSǁŝƚŚĚĞůĂǇĞĚZZK
oŵaŝn 1: ĚeterŵŝnantƐ at ŝnnoǀaƟon leǀel. Tǁo main barriers and one Ĩacilitator ǁere 
menƟoned in this domain͘ &irstly, the seriousness oĨ ovarian cancer ǁas cited as the main 
barrier͘  The threat oĨ ovarian cancer ǁas brought uƉ in all Ĩocus grouƉs considering its 
inability oĨ early discovery and its high lethality rate͘ Another main barrier oĨ the innovaƟon 
ǁas the uncertainty about the eīect oĨ RR^ ǁith delayed RRK on the risk oĨ ovarian cancer͘  
According to this barrier, Ɖeace oĨ mind aŌer RR^K ǁas cited as an imƉortant beneĮt oĨ RR^K 
in all Ĩour Ĩocus grouƉs͘ 
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dĂďůĞ1CharacterisƟcs oĨ Ĩocus grouƉs
&ŽĐƵƐŐƌŽƵƉ1
;Ŷс9Ϳ
&ŽĐƵƐŐƌŽƵƉ2
;Ŷс10Ϳ
&ŽĐƵƐŐƌŽƵƉϯ
;Ŷс11Ϳ
&ŽĐƵƐŐƌŽƵƉ4
;Ŷс9Ϳ
DuraƟon͖ minutes 105 105 ϵ5 ϵ0
BRCA mutaƟon͖ n ;йͿ
   BRCA1 8 ;8ϵͿ ϵ ;ϵ0Ϳ 10 ;ϵ1Ϳ 5 ;56Ϳ
   BRCA2 1 ;11Ϳ 1 ;10Ϳ 1 ;ϵͿ 3 ;33Ϳ
   BRCA1+2 1 ;11Ϳ
Age͖ median ;rangeͿ 46 ;3ϵ–56Ϳ 4ϳ ;42–56Ϳ 46 ;43–55Ϳ 3ϳ ;33–43Ϳ
Age at RR^K͖ median ;rangeͿ 40 ;3ϳ–46Ϳ 3ϵ ;35–46Ϳ 38 ;32–41Ϳ
zears since RR^K͖ median ;rangeͿ 5 ;2–15Ϳ 8 ;1–16Ϳ 11 ;3–14Ϳ
Prior breast cancer͖ n ;йͿ 0 10 ;100Ϳ 5 ;45Ϳ 0
Age at breast cancer͖ median ;rangeͿ 35 ;31–48Ϳ 38 ;36–42Ϳ
Risk-reducing mastectomy͖ n ;йͿ 6 ;6ϳͿ 3 ;50Ϳ 5 ;56Ϳ
PreĨerence oĨ strategy͖ n ;йͿ 
    RR^K 8 ;80Ϳ 6 ;55Ϳ 3 ;33Ϳ
    RR^ ǁith delayed RRK ϳ ;ϳ8Ϳ 2 ;20Ϳ 3 ;2ϳͿ 5 ;56Ϳ
    Unsure 2 ;22Ϳ 2 ;18Ϳ 1 ;11Ϳ
RR^K, risk-reducing salƉingo-ooƉhorectomy͖ RR^, risk-reducing salƉingectomy͖ RRK, risk-reducing ooƉhorectomy
The main Ĩacilitator oĨ the innovaƟon Ĩor BRCA1/2 mutaƟon carriers ǁas the delay oĨ early 
menoƉause considering both Ɖhysical and Ɖsychosocial asƉects͘ &rom a Ɖhysical Ɖoint 
oĨ vieǁ, this innovaƟon could accomƉlish a delay in several negaƟve eīects oĨ RRK, like 
vasomotor symƉtoms, seǆual dysĨuncƟon, joint comƉlaints, acceleraƟon oĨ ageing, changes 
in aƉƉearance, and decrease oĨ liĨe eǆƉectancy͘  PosiƟve Ɖsychosocial eīects ǁere the delay 
in mood alternaƟons, inŇuence oĨ relaƟonshiƉ ǁith Ɖartner, sleeƉing comƉlaints, and energy 
loss͘ &urthermore, the delay oĨ menoƉause could also ƉostƉone the diĸculƟes in deciding to 
use hormone reƉlacement theraƉy menƟoned in all Ĩocus grouƉs͘  
oŵaŝn 2: ĚeterŵŝnantƐ at paƟent leǀel. In all Ĩocus grouƉs, ƉarƟciƉants emƉhasiǌed that 
Ĩamily history generally Ɖlayed an imƉortant role in decision making Ĩor ƉrevenƟve strategies͘
The main barrier Ĩor the innovaƟon ǁas having Ĩamily members ǁith ovarian cancer͘  The 
Ɖredominant tyƉe oĨ cancer ;breast or ovarianͿ in a Ĩamily mainly aīected the anǆiety Ĩor 
breast or ovarian cancer͘  Another main barrier among BRCA1/2 mutaƟon carriers ǁas 
the ease oĨ decision to undergo RR^K͘ Diīerent asƉects seemed to be connected to this 
ease, including underesƟmaƟon oĨ short-term and long-term imƉact oĨ RR^K, limited 
imƉact oĨ a laƉaroscoƉy, need Ĩor certaintyͬcomĨorƟng Ĩeeling about reducing cancer risk, 
and Ĩurthermore Ɖredominant anǆiety oĨ cancer and choices based on anƟciƉated regret͘ 
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Nevertheless, most BRCA1/2 mutaƟon carriers ǁho underǁent both RR^K and RRM cited 
a higher imƉact oĨ RR^K comƉared to RRM͘ ,aving  a Ɖersonal history oĨ breast cancer ǁas 
idenƟĮed as the main barrier in both Ĩocus grouƉs ǁith ƉarƟciƉants ǁith Ɖrior breast cancer͘  
The restraint in study ƉarƟciƉaƟon on this innovaƟon ǁas mainly based on the need Ĩor 
certainty and to eǆclude all Ɖossible risks develoƉing cancer again͘ 
Need Ĩor maintenance oĨ autonomy ǁas idenƟĮed as main Ĩacilitator͘  BRCA1/2 mutaƟon 
carriers in our Ĩocus grouƉs aƩached an imƉortant value to Ĩreedom oĨ choice, and the 
signiĮcance oĨ individual consideraƟons ǁas underlined͘ 
dĂďůĞ2InŇuencing Ĩactors Ĩor RR^ ǁith delayed RRK according to BRCA1/2 mutaƟon carriers
ĞƚĞƌŵŝŶĂŶƚƐ ĂƌƌŝĞƌƐ &ĂĐŝůŝƚĂƚŽƌƐ
Domain 1: 
InnovaƟon
^eriousness oĨ ovarian cancer* Delay oĨ menoƉause*
Uncertainty oĨ eīect oĨ innovaƟon* Preserve ĨerƟlity
ComƉleǆity oĨ decision arlier ƉrevenƟve oƉƟon
Domain 2: 
PaƟents
&amily history* Autonomy* 
ase oĨ decision to RR^K* Reluctance to Ɖremature menoƉause 
Personal history oĨ breast cancer1
InŇuence oĨ Ĩamilyͬhaving children
Diĸculty oĨ deciding based on numbers
Domain 3: 
ProĨessionals
InadeƋuate counselling about eīects oĨ RR^K*
>imited knoǁledge on this sƉecialist subject
Domain 4: 
KrganiǌaƟon
>ack in conƟnuity oĨ ƉroĨessionals ^uĸcient inĨormaƟon* 
AƉƉroachable contact ǁith ƉroĨessionals
&actors menƟoned in at least tǁo Ĩocus grouƉs are listed and are ranked by the amount oĨ menƟoning͘ RR^, risk-
reducing salƉingectomy͖ RRK, risk-reducing ooƉhorectomy͖ RR^K, risk-reducing salƉingo-ooƉhorectomy͘  *menƟoned 
in all Ĩour Ĩocus grouƉs͖ 1menƟoned in Ĩocus grouƉs ǁith ƉarƟciƉants ǁith Ɖrior breast cancer ;Ĩocus grouƉs 2 and 3Ϳ͘
oŵaŝn 3: ĚeterŵŝnantƐ at profeƐƐŝonal leǀel. BRCA1/2 mutaƟon carriers reƉorted insuĸcient 
counselling about eīects oĨ RR^K as the main barrier, and seemed to be in close connecƟon 
ǁith the ease oĨ decision to undergo RR^K͘ 
oŵaŝn 4: ĚeterŵŝnantƐ at orŐanŝǌaƟon leǀel. In general, suĸcient inĨormaƟon ǁas the 
main Ĩacilitator Ĩor making decisions in this grouƉ oĨ BRCA1/2 mutaƟon carriers͘ In all Ĩocus 
grouƉs, diīerent needs Ĩor inĨormaƟon ǁere menƟoned consisƟng oĨ neǁ medical insights, 
contact ǁith Ɖeers, grouƉ inĨormaƟon, andͬor contact ǁith ƉroĨessionals͘ ^Ɖecially, detailed 
eǆƉlanaƟon oĨ the term ͚ ovarian cancer͛ and its origin ǁas menƟoned to be valuable, reĨerring 
to the eǆƉected eīect oĨ RR^͘
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ĂƌƌŝĞƌƐƌĞůĂƚĞĚƚŽƐƚƵĚǇƉĂƌƟĐŝƉĂƟŽŶ
In all Ĩocus grouƉs, acceƉtable designs to study the added value oĨ RR^ ǁith delayed RRK 
instead oĨ RR^K ǁere discussed͘ The main discussion Ɖoint ǁas the conceƉt oĨ randomiǌaƟon 
and its ƉreĨerence as ideal study design͘ In all Ĩocus grouƉs, a general consensus oĨ oƉinion 
ǁas that a randomiǌed study design generates a main barrier Ĩor ƉarƟciƉaƟon in a Ĩuture 
study͘  The most imƉortant reasons Ĩor this aversion ǁere the need Ĩor Ĩreedom oĨ choice and 
maintenance oĨ autonomy͘  
All Ĩocus grouƉ intervieǁs Įnished ǁith ƋuesƟons about the hyƉotheƟc choice betǁeen 
RR^K and RR^ ǁith delayed RRK ;Table 1Ϳ͘ In summary, 1ϳ ǁomen ǁere interested in the neǁ 
strategy ;44йͿ, 1ϳ ǁomen ƉreĨerred the current strategy ;44йͿ, and Įve ǁere unsure ;12йͿ͘
WƌŽĨĞƐƐŝŽŶĂůƐ
KĨ all 23 ƉroĨessionals, Ĩour ǁere male ;one gynecological oncologist, one clinical geneƟcist 
and tǁo surgeons taking care oĨ breast surveillanceͿ͘ &actors menƟoned by at least tǁo 
ƉroĨessionals are listed in Tables 3 and 4͘ In total, 20 barriers and Ĩacilitators inŇuencing the 
choice Ĩor RR^ ǁith delayed RRK ǁere idenƟĮed ;Table 3Ϳ͘ &or study ƉarƟciƉaƟon, 10 barriers 
and Ĩacilitators ǁere denominated at the level oĨ ƉaƟents, ƉroĨessionals and organiǌaƟon 
;Table 4Ϳ͘ &actors menƟoned by more than 50й oĨ the ƉroĨessionals are described in the teǆt 
and marked in the table ǁith asterisks ;**Ϳ͘ In both tables and teǆt, barriers and Ĩacilitators 
are ranked by the amount oĨ menƟoning͘ 
ĂƌƌŝĞƌƐĂŶĚĨĂĐŝůŝƚĂƚŽƌƐƌĞůĂƚĞĚƚŽZZSǁŝƚŚĚĞůĂǇĞĚZZK
oŵaŝn 1: ĚeterŵŝnantƐ at ŝnnoǀaƟon leǀel. &our main barriers ǁere idenƟĮed in this 
domain͘ Undergoing tǁo oƉeraƟons ǁas menƟoned as barrier by almost all ƉroĨessionals͘ 
&urthermore, inherent risks oĨ tǁo oƉeraƟons ǁere named as barrier, including the entailed 
doubled Ɖeri-oƉeraƟve risk, the Ɖossibly increased comƉlicaƟon risk oĨ RRK aŌer earlier RR^, 
and the risk oĨ coeǆisƟng co-morbidity͘  The majority oĨ ƉroĨessionals nominated the delay 
oĨ risk reducƟon oĨ breast cancer oǁing to the delay oĨ RRK as a barrier ǁith the comment 
that an RRM ǁould nulliĨy this barrier͘  &or ƉroĨessionals in breast surveillance this barrier 
seemed less imƉortant͘ The last imƉortant barrier ǁas the uncertainty oĨ the eīect oĨ RR^ 
ǁith delayed RRK͘ To overcome this barrier, some ƉroĨessionals suggested to ƉerĨorm more 
research on the origin oĨ ovarian cancer, ǁhile the majority oĨ ƉroĨessionals thought that a 
clinical study on this neǁ strategy is most aƉƉroƉriate͘ 
The main Ĩacilitator oĨ this neǁ strategy ǁas the delay oĨ menoƉause͘ The majority oĨ 
ƉroĨessionals menƟoned that delay oĨ vasomotor and seǆual comƉlaints, osteoƉorosis, and 
cardiovascular disease together ǁith maintenance oĨ Ƌuality oĨ liĨe are main advantages oĨ 
the delay oĨ menoƉause͘ 
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dĂďůĞϯInŇuencing Ĩactors Ĩor RR^ ǁith delayed RRK according to ƉroĨessionals
ĞƚĞƌŵŝŶĂŶƚƐ ĂƌƌŝĞƌƐ &ĂĐŝůŝƚĂƚŽƌƐ
Domain 1: 
InnovaƟon
Undergoing tǁo oƉeraƟon* Delay oĨ menoƉause*
Delay oĨ risk reducƟon oĨ breast cancer* Preserve ĨerƟlity
Risks aƩended by tǁo oƉeraƟons* Delay oĨ ,RT use
Uncertainty oĨ eīect oĨ innovaƟon* arlier eǆaminaƟon oĨ tubes
^eriousness oĨ ovarian cancer 
Domain 2: 
PaƟents 
ase oĨ decision to RR^K* Reluctance to Ɖremature menoƉause
&amily history Well-inĨormed and involved ƉaƟents
Domain 3: 
ProĨessionals
Insuĸcient evidence* General scienƟĮc aƫtude
Insuĸcient knoǁledge oĨ ƉroĨessionals
Domain 4: 
KrganiǌaƟon
Increase in health care consumƉƟon CooƉeraƟon in mulƟdisciƉlinary teams on 
hereditary cancer 
CooƉeraƟon betǁeen hosƉitals
>ack oĨ caƉacity 
&actors menƟoned by at least tǁo ƉroĨessionals are listed in this table and are ranked by the amount oĨ menƟoning͖ 
RR^, risk-reducing salƉingectomy͖ RRK, risk-reducing ooƉhorectomy͖ RR^K, risk-reducing salƉingo-ooƉhorectomy͖ 
*menƟoned by more than 50й oĨ the ƉroĨessionals͘
oŵaŝn 2: ĚeterŵŝnantƐ at BRCA1/2 ŵutaƟon carrŝer leǀel. The ease oĨ the decision oĨ 
BRCA1/2 mutaƟon carriers to undergo RR^K ǁas menƟoned as the main barrier͘  According 
to ƉroĨessionals, BRCA1/2 mutaƟon carriers generally underesƟmate the imƉact oĨ early 
menoƉause, receive limited inĨormaƟon concerning side eīects oĨ RR^K, and are less 
emoƟonally aƩached to their ovaries comƉared to breasts and uterus͘ 
oŵaŝn 3: ĚeterŵŝnantƐ at profeƐƐŝonal leǀel. In this domain, the main barrier Ĩor ƉroĨessionals 
ǁas insuĸcient scienƟĮc ĨoundaƟons oĨ this neǁ strategy͘  The major draǁback ǁas the 
unƉroven eīect oĨ RR^ as a ƉrevenƟve strategy, and the unknoǁn eīect oĨ delaying RRK on 
the risk oĨ ovarian cancer͘
oŵaŝn 4: ĚeterŵŝnantƐ at orŐanŝǌaƟon leǀel. No barriers or Ĩacilitators ǁere menƟoned by 
more than 50й oĨ the ƉroĨessionals͖ thereĨore, no main Ĩactors oĨ inŇuence at the level oĨ 
organiǌaƟon ǁere eǆƉected͘
ĂƌƌŝĞƌƐĂŶĚĨĂĐŝůŝƚĂƚŽƌƐƌĞůĂƚĞĚƚŽƐƚƵĚǇƉĂƌƟĐŝƉĂƟŽŶ
The main Ĩacilitator at ƉaƟent level menƟoned by almost all ƉroĨessionals ǁas the eǆƉected 
ǁillingness oĨ a substanƟal Ɖart oĨ BRCA1/2 mutaƟon carriers to ƉarƟciƉate in a study on RR^ 
ǁith delayed RRK͘  
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dĂďůĞ4InŇuencing Ĩactors Ĩor study ƉarƟciƉaƟon according to BRCA1/2 mutaƟon carriers and ƉroĨessionals
ĂƌƌŝĞƌƐ &ĂĐŝůŝƚĂƚŽƌƐ
BRCA1/2ŵƵƚĂƟŽŶĐĂƌƌŝĞƌƐ1
Domain 2:
PaƟents
Value oĨ ƉarƟciƉaƟon Ĩor neǆt
generaƟon
Domain 4:
KrganiǌaƟon
Randomiǌed study design*
Cost oĨ study ͬ insuĸcient cover by insurance
WƌŽĨĞƐƐŝŽŶĂůƐ2
Domain 2:
PaƟents
Amount oĨ other undoing studies Willingness to ƉarƟciƉate in study**
Value oĨ ƉarƟciƉaƟon Ĩor neǆt generaƟon
Domain 3:
ProĨessionals
Time investment Willingness to ƉarƟciƉate in studies
Diversity oĨ vieǁƉoints oĨ ƉroĨessionals
Domain 4:
KrganiǌaƟon
Insuĸcient cover by insurance UniĨorm counseling**
Diīerences in Ɖathology eǆaminaƟon oĨ tubes
Assessment by insƟtuƟonal revieǁ board
1 &actors menƟoned in at least tǁo Ĩocus grouƉs are listed͖ 2 &actors menƟoned by at least tǁo ƉroĨessionals are 
listed͖ *menƟoned in all Ĩocus grouƉs͖ **menƟoned by more than 50й oĨ the ƉroĨessionals͘
At organiǌaƟon level, the main Ĩacilitator Ĩor study ƉarƟciƉaƟon ǁas uniĨorm counseling 
according to a ǁidely suƉƉorted study Ɖrotocol͘ ImƉortant remarks about study design ǁere 
the need Ĩor an observaƟonal study ǁith long-term Ĩolloǁ-uƉ concentraƟng on ovarian cancer 
risk and Ƌuality oĨ liĨe͘ &urthermore, ƉroĨessionals menƟoned need Ĩor a reliable Ɖoǁer 
calculaƟon, and clear, eǆtensive, and scienƟĮcally based ƉaƟent inĨormaƟon considering all 
Ɖros and cons oĨ this neǁ strategy͘
/SUSS/KN
Kur study idenƟĮed a ǁide variety oĨ barriers and Ĩacilitators inŇuencing the choice Ĩor RR^ ǁith 
delayed RRK instead oĨ RR^K in BRCA1/2 mutaƟon carriers and their treaƟng ƉroĨessionals͘ 
arriers idenƟĮed on the level oĨ the innovaƟon itselĨ and on the level oĨ BRCA1/2 mutaƟon 
carriers aƉƉeared to Ɖrovide the most imƉortant imƉact͘ oth BRCA1/2 mutaƟon carriers and 
ƉroĨessionals eǆƉerienced the uncertainty oĨ the eīect oĨ the innovaƟon, and the ease oĨ the 
decision to undergo RR^K as main barriers͘ Among BRCA1/2 mutaƟon carriers, the other main 
barriers ǁere seriousness oĨ ovarian cancer ΀1΁͖ Ĩamily history ΀2΁͖ Ɖersonal history oĨ breast 
cancer ΀3΁͖ inadeƋuate inĨormaƟon about all side eīects oĨ RR^K ΀4΁͘ Among ƉroĨessionals, 
undergoing tǁo oƉeraƟons ǁith its inherent addiƟonal risks, delay oĨ risk reducƟon oĨ breast 
cancer, and insuĸcient suƉƉorƟve evidence ǁere recogniǌed as main barriers͘ Delay oĨ 
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menoƉause ǁas suggested as the main Ĩacilitator Ĩor both BRCA1/2 mutaƟon carriers and 
ƉroĨessionals͘ BRCA1/2 mutaƟon carriers menƟoned autonomy in the choice betǁeen RR^K 
and RR^ ǁith delayed RRK, and suĸcient inĨormaƟon as main Ĩacilitators͘ 
&or study ƉarƟciƉaƟon, addiƟonal barriers and Ĩacilitators ǁere idenƟĮed͘ A randomiǌed 
study design ǁas menƟoned to be the main barrier Ĩor BRCA1/2 mutaƟon carriers͘ Among 
ƉroĨessionals, main Ĩacilitators ǁere eǆƉected ǁillingness oĨ BRCA1/2 mutaƟon carriers 
to ƉarƟciƉate and uniĨorm counseling͘ Kverall, a general interest in a non-randomiǌed 
observaƟonal study oĨ RR^ ǁith delayed RRK ǁas observed taking into account all menƟoned 
barriers and Ĩacilitators͘ AƉƉarently, a substanƟal Ɖart oĨ the BRCA1/2 mutaƟon carriers 
;43͘6йͿ indicated interest in RR^ ǁith delayed RRK, ǁhich is slightly higher than the 34͘3й 
reƉorted by ,olman et al.͘2ϳ Possible eǆƉlanaƟons Ĩor this diīerence could be the siǌe oĨ the 
study grouƉs ;n с 3ϵ versus n с 204Ϳ, tyƉe oĨ research ;ƋualitaƟve versus ƋuanƟtaƟveͿ, and 
included BRCA1/2 mutaƟon carriers ;beĨore andͬor aŌer risk reducing strategiesͿ͘ Almost all 
ƉroĨessionals in our study ǁere also interested to ƉarƟciƉate in a study on this innovaƟon͘ 
laboraƟng on this innovaƟon as Ɖossible addiƟon to the current strategy, suggesƟons are 
made by Anderson et al.25 to ƉerĨorm a clinical trial to test the eƋuivalence oĨ RR^ to RR^K 
in reducing Ɖelvic serous cancer risk in BRCA mutaƟon carriers, needing uƉ to 4000 ǁomen 
in each arm͘ A recent decision-analyƟc model oĨ <ǁon et al.24 comƉared costs, risks, and 
beneĮts oĨ three strategies ;RR^ alone, RR^ ǁith delayed RRK, and RR^KͿ conĮrming the 
greatest risk reducƟon Ĩor breast and Ɖelvic serous cancer oĨ the current standard RR^K͘ 
,oǁever, ǁhen considering Ƌuality-adjusted liĨe eǆƉectancy, RR^ ǁith delayed RRK is a cost-
eīecƟve strategy͘ 24 The evidence regarding RR^ ǁith delayed RRK is sƟll limited, and only 
tǁo clinical trials on this subject are currently recruiƟng BRCA1/2 mutaƟon carriers͘ A &rench 
study by >e lanc and colleagues is currently oīering salƉingectomy to BRCA1/2 mutaƟon 
carriers ǁho are reluctant to undergo RR^K ;NCT016080ϳ4Ϳ͘ In addiƟon, an American 
research grouƉ recently started a study on ƉaƟent comƉliance ǁith the strategy consisƟng oĨ 
RR^ ǁith delayed RRK ;NCT1ϵ0ϳϳ8ϵͿ͘ Altogether, there is an increasing interest in the role oĨ 
RR^ ǁith delayed RRK Ĩor BRCA1/2 mutaƟon carriers͘ &indings oĨ our study ǁill undoubtedly 
helƉ to Ĩoresee diĸculƟes in designing and imƉlemenƟng neǁ studies on this subject͘ ased 
on our study, ǁe designed a mulƟcenter ƉrosƉecƟve non-randomiǌed controlled study ǁith 
menoƉause-related Ƌuality oĨ liĨe as Ɖrimary outcome measure͘ BRCA1/2 mutaƟon carriers 
ǁill choose betǁeen the current standard ;RR^KͿ and RR^ ǁith delayed RRK ;NCT02321228Ϳ͘ 
AƉƉreciable diīerences in main barriers ǁere Ĩound betǁeen BRCA1/2 mutaƟon carriers and 
ƉroĨessionals at the level oĨ innovaƟon͘ The Įrst diīerence ǁas the interest in inŇuence oĨ 
the delay oĨ breast cancer reducƟon as a result oĨ the neǁ strategy͘  ProĨessionals reƉorted 
this as the main barrier, ǁhereas this delay ǁas not a relevant issue Ĩor BRCA1/2 mutaƟon 
carriers considering beƩer available strategies Ĩor breast cancer reducƟon, irresƉecƟvely 
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oĨ Ɖrevious RRM͘ Knly some BRCA1/2 mutaƟon carriers menƟoned the breast cancer risk 
reducƟon oĨ RR^K as an addiƟonal advantage͖ hoǁever, the delay oĨ risk reducƟon due to 
the neǁ strategy is a maƩer oĨ minor signiĮcance͘ &rom ƉaƟents͛ ƉersƉecƟve, the suggesƟon 
oĨ Anderson et al.25 to ƉerĨorm a clinical trial in BRCA1/2 mutaƟon carriers ǁho Ɖreviously 
underǁent RRM is thereĨore ƋuesƟonable͘ UnĨortunately, ,olman et al.2ϳ did not ask their 
ƉarƟciƉants oĨ their thoughts about the delay oĨ reducƟon oĨ breast cancer͘  The altering 
insight oĨ the scarcely reducƟon oĨ breast cancer risk by RR^K at ƉremenoƉausal age8,ϵ might 
give an even more imƉortant role Ĩor RRM in young BRCA1/2 mutaƟon carriers͘ The second 
diīerence betǁeen BRCA1/2 mutaƟon carriers and ƉroĨessionals ǁas the judgment on the 
inevitability oĨ tǁo oƉeraƟons and its addiƟonal risks involved ǁith the neǁ strategy͘  This 
ǁas considered as the main barrier by ƉroĨessionals, ǁhereas BRCA1/2 mutaƟon carriers 
eǆƉlicitly aƩached liƩle imƉortance to this asƉect͘
Another consideraƟon Ĩor ƉarƟciƉaƟon in a study oĨ RR^ ǁith delayed RRK ǁas the Ɖossible 
inŇuence oĨ a Ɖersonal history oĨ breast cancer͘  Knly tǁo oĨ the 15 ǁomen ǁith a history 
oĨ breast cancer ;13йͿ ǁere interested in the oƉƟon oĨ RR^ ǁith delayed RRK͘ It may be 
assumable that a Ɖersonal history oĨ cancer makes ǁomen more ǁilling to minimiǌe their 
Ĩuture cancer risk and to acceƉt the negaƟve eīects oĨ RRK͘ ,oǁever, earlier studies on 
uƉtake oĨ RR^K shoǁed conŇicƟng results on the ƉredicƟve value oĨ a Ɖersonal history oĨ 
breast cancer͘ 31-33
PotenƟal ovarian damage ǁas suggested by ,olŵan et al.2ϳ as a reason Ĩor not ƉarƟciƉaƟng 
in a study on RR^ ǁith delayed RRK͘ Recently, no negaƟve eīects on the ovarian ĨuncƟon 
ǁere Ĩound in ƉremenoƉausal loǁ-risk ǁomen Ĩor ovarian cancer ǁho underǁent bilateral 
salƉingectomy in addiƟon to laƉaroscoƉic hysterectomy Ĩor benign uterine Ɖathologies͘34 In 
our study, the ƉotenƟal eīects oĨ RR^ on ovarian ĨuncƟon ǁas not menƟoned as a barrier by 
BRCA1/2 mutaƟon carriers or ƉroĨessionals͘
Kur study is the Įrst reƉorted ƉerĨormance oĨ an in-deƉth ƋualitaƟve analysis oĨ the neǁ 
conceƉt oĨ RR^ ǁith delayed RRK Ĩrom both ƉaƟents͛ and ƉroĨessionals͛ ƉersƉecƟves͘ 
Another strength is a considerable number oĨ ƉarƟciƉaƟng BRCA1/2 mutaƟon carriers, and 
the diīerent consƟtuƟons oĨ Ĩocus grouƉs regarding medical background͘ &urthermore, 
ƉroĨessionals Ĩrom almost all Dutch university hosƉitals ƉarƟciƉated in our study reƉresenƟng 
three diīerent disciƉlines͘ 
A Ɖossible limitaƟon oĨ our study is that all Ĩocus grouƉs ǁith only Caucasian BRCA1/2 mutaƟon 
carriers ǁere ƉerĨormed in one hosƉital͘ PerĨorming only one Ĩocus grouƉ ǁith BRCA1/2 
mutaƟon carriers Ɖrior to RR^K might have caused a biased vieǁ͘ Although, ǁe thought that 
BRCA1/2 mutaƟon carriers aŌer RR^K could Ɖrovided an imƉortant contribuƟon to amƉliĨy 
the imƉact oĨ RR^K and to eǆƉlain the value oĨ a history oĨ breast cancer on the subject oĨ our 
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study͘  &urthermore, BRCA1 mutaƟon carriers ǁere overreƉresented in our study͘  This might 
be Ɖartly eǆƉlained by a higher invitaƟon rate ;46 BRCA1 and 20 BRCA2 mutaƟon carriers, 
ϳ0й versus 30йͿ, although there ǁas also an unĨoreseen higher ƉarƟciƉaƟon rate ;33 BRCA1 
and 6 BRCA2 mutaƟon carriers͖ ϳ2й versus 30йͿ͘ This might be due to coincidence͖ hoǁever, 
it is also Ɖossible that the subject concerned BRCA1 mutaƟon carriers more because oĨ the 
higher risk and the earlier age oĨ onset oĨ ovarian cancer͘  The Ĩeasibility oĨ internaƟonaliǌaƟon 
oĨ our results may be diĸcult to aƉƉraise, because oĨ unknoǁn or unĨoreseen internaƟonal 
diīerence, Ĩor eǆamƉle insurance systems͘ Although, the interest in study ƉarƟciƉaƟon on 
this innovaƟon is in accordance ǁith the results oĨ ,olman et al.2ϳ, both studies elucidate 
various asƉects oĨ RR^ ǁith delayed RRK͘ 
In summary, our study Ɖrovides neǁ and addiƟonal data on inŇuencing Ĩactors oĨ BRCA1/2 
mutaƟon carriers and their treaƟng ƉroĨessionals Ĩor RR^ ǁith delayed RRK as a subsƟtute 
Ĩor RR^K and Ĩor study ƉarƟciƉaƟon on this conceƉt͘ <noǁledge oĨ these Ĩactors may helƉ to 
imƉrove the design and imƉlementaƟon oĨ a non-randomiǌed study on this subject in ǁhich 
sƉecial aƩenƟon should be Ɖaid to scienƟĮc basis, imƉortance oĨ autonomy, and Ɖroviding 
suĸcient inĨormaƟon͘
A<NKt>'DNdS
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KďũĞĐƟǀĞ
Risk-reducing salƉingo-ooƉhorectomy ;RR^KͿ around the age oĨ 40 is currently recommended 
to BRCA1/2 mutaƟon carriers͘ This Ɖrocedure decreases the elevated ovarian cancer risk by 
80–ϵ6й but it iniƟates Ɖremature menoƉause as ǁell͘ The laƩer is associated ǁith short-
term and long-term morbidity, ƉotenƟally aīecƟng Ƌuality oĨ liĨe ;Yo>Ϳ͘ ased on recent 
insights into the ĨalloƉian tube as Ɖossible site oĨ origin oĨ serous ovarian carcinomas, an 
alternaƟve ƉrevenƟve strategy has been Ɖut Ĩorǁard: early risk-reducing salƉingectomy ;RR^Ϳ 
and delayed ooƉhorectomy ;RRKͿ͘ ,oǁever, eĸcacy and saĨety oĨ this alternaƟve strategy 
have to be invesƟgated͘
DĞƚŚŽĚƐ
A mulƟcentre non-randomiǌed trial in 11 Dutch centers Ĩor hereditary cancer ǁill be 
conducted͘ ligible ƉaƟents are ƉremenoƉausal BRCA1/2 mutaƟon carriers aŌer comƉleƟng 
childbearing ǁithout ;a history oĨͿ ovarian carcinoma͘ ParƟciƉants choose betǁeen standard 
RR^K at age 35–40 ;BRCA1Ϳ or 40–45 ;BRCA2Ϳ and the alternaƟve strategy ;RR^ uƉon 
comƉleƟon oĨ childbearing and RRK at age 40–45 ;BRCA1Ϳ or 45–50 ;BRCA2ͿͿ͘ Women ǁho 
oƉt Ĩor RR^ but do not ǁant to ƉostƉone RRK beyond the currently recommended age are 
included as ǁell͘ Primary outcome measure is menoƉause-related Yo>͘ ^econdary outcome 
measures are ovarianͬbreast cancer incidence, surgery-related morbidity, histoƉathology, 
cardiovascular risk Ĩactors and diseases, and cost-eīecƟveness͘ Miǆed model data analysis 
ǁill be ƉerĨormed͘
 
ŝƐĐƵƐƐŝŽŶ
The eǆact role oĨ the ĨalloƉian tube in ovarian carcinogenesis is sƟll unclear͘  It is not eǆƉected 
that Ĩurther Ĩundamental research ǁill elucidate this role in the near Ĩuture͘ ThereĨore, this 
clinical trial is essenƟal to invesƟgate RR^ ǁith delayed RRK as alternaƟve risk-reducing 
strategy in order to imƉrove Yo>͘
dƌŝĂůZĞŐŝƐƚƌĂƟŽŶ͗ ClinicalTrials͘gov ;NCT02321228Ϳ
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BRCAŐĞƌŵůŝŶĞŵƵƚĂƟŽŶƐĂŶĚŽǀĂƌŝĂŶĐĂŶĐĞƌ
Ɖithelial ovarian cancer is the most lethal malignancy oĨ the Ĩemale genital tract͘ With 
resƉect to treatment and Ɖrognosis, Ɖrimary carcinomas oĨ the ovaries, ĨalloƉian tubes 
and Ɖeritoneum are considered one disease enƟty oŌen reĨerred to as ͚ovarian carcinoma͛͘  
Women ǁith germline mutaƟons in one oĨ the tǁo BRCA genes are at increased risk oĨ 
develoƉing breast and ovarian cancer͘  CumulaƟve breast cancer risks are esƟmated 5ϳ–65й 
;ϵ5й conĮdence interval ΀CI΁ 44–ϳ8йͿ Ĩor BRCA1 and 45–4ϵй ;ϵ5й CI 31–5ϳйͿ Ĩor BRCA2 
mutaƟon carriers by age ϳ0, ǁhereas cumulaƟve ovarian cancer risks lie around 3ϵ–40й 
;ϵ5й CI 18–54йͿ and 11–18й ;ϵ5й CI 2͘4–23йͿ by the age oĨ ϳ0 Ĩor BRCA1 and BRCA2, 
resƉecƟvely͘ 1,2 Kvarian carcinoma occurs at younger age in BRCA1 mutaƟon carriers than 
in BRCA2 mutaƟon carriers or the general ƉoƉulaƟon ;both mean and median 51 versus 56 
versus 60 years resƉecƟvelyͿ͘3 In BRCA1/2 germline mutaƟon carriers, aƉƉroǆimately 65й oĨ 
all ovarian carcinomas are oĨ the serous subtyƉe͘4-6 
ZŝƐŬ-ƌĞĚƵĐŝŶŐƐĂůƉŝŶŐŽ-ŽŽƉŚŽƌĞĐƚŽŵǇ;ZZSKͿ
In contrast to breast cancer surveillance, screening Ĩor ovarian cancer has been highly 
ineīecƟve͘ϳ-ϵ ThereĨore, the only intervenƟon to reduce ovarian cancer risk is risk-reducing 
salƉingo-ooƉhorectomy ;RR^KͿ, ǁhich decreases ovarian cancer incidence by about 
80–ϵ6й͘4,10-12 ,oǁever, this eīect might be underesƟmated due to studies that included 
ǁomen ǁho underǁent ooƉhorectomy alone andͬor underǁent surgery above the currently 
recommended age: 35–40 Ĩor BRCA1 and 40–45 Ĩor BRCA2 mutaƟon carriers͘4,11,13 The 
residual risk oĨ Ɖrimary Ɖeritoneal cancer aŌer RR^K is aƉƉroǆimately 1й͖ hoǁever, it ǁas 
also reƉorted to be more than 4й͘10,14-16 RR^K is oŌen laƉaroscoƉically ƉerĨormed at an 
outƉaƟents͛ deƉartment͘ ^erious surgical comƉlicaƟons rates are loǁ͘4,1ϳ,18 Main adverse 
eīects oĨ RR^K are related to Ɖremature surgical menoƉause, including short-term eīects 
like vasomotor symƉtoms ;i͘e͘ hot ŇushesͿ, sleeƉ disturbances, vaginal dryness and seǆual 
symƉtoms͘4 >ong-term eīects include osteoƉorosis, increased risk oĨ cardiovascular 
disease, cogniƟve imƉairment and increased deƉressive and anǆiety symƉtoms, although 
ƉrosƉecƟve studies on these long-term eīects in BRCA mutaƟon carriers in ƉarƟcular are 
not available͘4,1ϵ-22 Postsurgical hormone reƉlacement theraƉy ;,RTͿ does not Ĩully alleviate 
climacteric and seǆual symƉtoms͘20,23 The reducƟon oĨ breast cancer incidence by halĨ 
achieved by ƉerĨorming RR^K at ƉremenoƉausal age11,12 has recently become arguable24-26 
and thereĨore ƋuesƟonable as moƟvaƟon to undergo RR^K͘ 
ZŽůĞŽĨĨĂůůŽƉŝĂŶƚƵďĞŝŶ͞ŽǀĂƌŝĂŶ͟ĐĂƌĐŝŶŽŐĞŶĞƐŝƐ
ased on recent scienƟĮc insights, the ĨalloƉian tube is considered the most imƉortant site 
oĨ origin oĨ Ɖelvic high grade serous carcinoma noǁadays͘2ϳ-31 It is suggested that benign 
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tubal eƉithelium can transĨorm into serous tubal intraeƉithelial carcinoma ;^TICͿ or invasive 
tubal carcinoma͘32 The ;ƉreͿmalignant cells can eǆĨoliate Ĩrom the tubal eƉithelial lining and 
migrate to the ovary and abdominal cavity͘  This theory is based on several Įndings͘ &irst, 
no clear Ɖrecursor oĨ ovarian cancer has been Ĩound in the ovary itselĨ͘  ^econd, earlier 
studies shoǁed the Ɖresence oĨ ^TIC in 36–60й oĨ sƉoradic Ɖelvic serous carcinomas33-35 
ǁhich harboured idenƟcal mutaƟon in the TP53 gene to the cells oĨ concurrent Ɖelvic serous 
carcinomas in ϵ2й͘36 Third, Ɖelvic serous carcinoma cells resemble tubal lining eƉithelium 
more than ovarian surĨace eƉithelium͘3ϳ ^everal invesƟgators Ĩocused on ƉroƉhylacƟcally 
removed ĨalloƉian tubes oĨ germline BRCA1/2 mutaƟon carriers, shoǁing the Ɖresence 
oĨ ^TIC in about 4й ;range 0–12йͿ14,38-4ϳ͖ nearly all ^TICs ǁere localised in the tubal distal 
Įmbrial ends͘34
/ŶŶŽǀĂƟǀĞƉƌĞǀĞŶƟǀĞƐƚƌĂƚĞŐǇ͗ƌŝƐŬ-ƌĞĚƵĐŝŶŐƐĂůƉŝŶŐĞĐƚŽŵǇ;ZZSͿǁŝƚŚĚĞůĂǇĞĚ
ŽŽƉŚŽƌĞĐƚŽŵǇ;ZZKͿ
The groǁing evidence oĨ the role oĨ the ĨalloƉian tube in the origin oĨ serous ovarian carcinoma 
together ǁith the disadvantages oĨ Ɖremature surgical menoƉause caused by RR^K, underlie 
the need Ĩor an alternaƟve risk-reducing strategy͘  RR^ uƉon comƉleƟon oĨ childbearing oīers 
an early, ƉotenƟally  risk-reducing intervenƟon͖ hoǁever, it is sƟll uncertain ǁhether and to 
ǁhat eǆtent the risk oĨ ovarian cancer ǁill be reduced͘ &urthermore, around 68й oĨ occult 
carcinomas are Ĩound in tubes48 and could noǁ be detected at an early stage͘ The main 
advantage oĨ delaying subseƋuent RRK beyond the currently recommended age ǁill be 
ƉostƉonement oĨ Ɖremature menoƉause and its eīect on noncancer-related morbidity and 
;menoƉause-relatedͿ Ƌuality oĨ liĨe ;Yo>Ϳ͘ ^ everal authors Ɖreviously suggested this innovaƟve 
strategy48-50 and a Ĩeasibility study among both ƉroĨessionals and germline BRCA1/2 mutaƟon 
carriers Ĩrom our grouƉ shoǁed a broad naƟonal suƉƉort to evaluate this neǁ strategy in a 
ƉrosƉecƟve study͘ 51
KďũĞĐƟǀĞ
The aim oĨ this study is to determine ǁhether an innovaƟve risk-reducing strategy, consisƟng 
oĨ RR^ uƉon comƉleƟon oĨ childbearing ǁith delayed RRK, results in beƩer menoƉause-
related Yo> ǁithout increase oĨ ovarian and breast cancer risk in germline BRCA1/2 mutaƟon 
carriers comƉared to standard treatment, consisƟng oĨ RR^K at currently recommended age͘
Dd,KS
SƚƵĚǇĚĞƐŝŐŶ
We ǁill ƉerĨorm a naƟonǁide ƉrosƉecƟve non-randomiǌed mulƟcenter trial in 11 hosƉitals 
ǁith a deƉartment Ĩor hereditary cancer͘  ligible ƉaƟents ǁill have the oƉƉortunity to choose 
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Ĩor standard or innovaƟve strategy͘  Women ǁho oƉt Ĩor RR^ but do not ǁant to ƉostƉone RRK 
beyond the currently recommended age or are unsure about this at enrolment are included 
as ǁell͖ hoǁever, they ǁill not contribute to the number oĨ inclusions needed according to 
the samƉle siǌe calculaƟon͘ ^ee &igure 1 Ĩor an overvieǁ oĨ the study design͘
BRCA1/2 gene mutaƟon carriers
25͵40 years old ;BRCA1Ϳ and
25͵45 years old ;BCRA2Ϳ
In- and eǆclusion criteria
InĨormed consent
Choice oĨ ƉaƟent
RR^ aŌer childbearing
but RRK sƟll at age oĨ
current guidelines
BRCA1 age 35͵40
BRCA2 age 40͵45
RR^ aŌer childbearing, RRK
ƉostƉoned 5 years comƉared to
standard treatment
RCA1 age 40͵45
RCA2 age 45͵50
^tandard RR^K
RCA1 age 35͵40
RCA2 age 40͵45
&ŝŐƵƌĞ1TUA study design
Although a randomiǌed controlled trial ǁould be the ƉreĨerred study design, an earlier 
Ɖublished Ĩeasibility study among healthcare ƉroĨessionals and germline BRCA1/2 mutaƟon 
carriers shoǁed that randomiǌaƟon ǁould be an insurmountable barrier Ĩor ƉarƟciƉaƟon in a 
clinical study͘ 51 These ǁomen ǁant to decide themselves on their risk-reducing strategy and it 
is thereĨore unlikely that they ǁill ƉarƟciƉate in a randomiǌed controlled trial͘ Taken this into 
account, a ƉrosƉecƟve non-randomiǌed design seems the most aƉƉroƉriate, leƫng ǁomen 
the oƉƉortunity to decide Ĩor themselves͘
In addiƟon, a control grouƉ ǁill be Ĩormed by ǁomen ǁho underǁent RR^K betǁeen one 
and Įve years ago, in order to comƉare Yo> betǁeen study ƉarƟciƉants and ǁomen ǁho did 
not have the oƉƉortunity to choose Ĩor an alternaƟve treatment͘ 
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SƚƵĚǇƉŽƉƵůĂƟŽŶ
a͘ ,osƉitals
  leven hosƉitals ǁith a hereditary cancer deƉartment ǁill ƉarƟciƉate in this study, 
oĨ ǁhich seven are university terƟary hosƉitals͘ 
b͘  PaƟents 
  Women carrying a documented germline BRCA1/2 mutaƟon Ĩrom the deƉartment 
oĨ Clinical GeneƟcs or ,ereditary Cancer oĨ each hosƉital, ǁho are betǁeen 25 and 
40 ;BRCA1Ϳ or 45 ;BRCA2Ϳ years old ǁithout Ɖrevious RR^K͘
 Inclusion criteria
 -  PremenoƉausal ǁomen ǁith a documented BRCA1 andͬor BRCA2 gene germline 
mutaƟon
 -  Age 25–40 years Ĩor BRCA1 mutaƟon carriers and 25–45 years Ĩor BRCA2
 -  Childbearing comƉleted
 -  Presence oĨ at least one ĨalloƉian tube
 -  ParƟciƉants may have a Ɖersonal history oĨ non-ovarian malignancy
 -  InĨormed consent
 ǆclusion criteria
 - PostmenoƉausal status ;natural menoƉause or due to ;cancerͿ treatmentͿ
 - Wish Ĩor second stage RRK ǁithin tǁo years aŌer RR^ ;iĨ clear at enrolmentͿ
 - >egally incaƉable
 - Prior bilateral salƉingectomy
 - A Ɖersonal history oĨ ovarian, ĨalloƉian tube or Ɖeritoneal cancer
 - vidence oĨ malignant disease at enrolment
 - Current treatment Ĩor malignant disease
 - Inability to read or sƉeak Dutch
c͘ PaƟent recruitment
  ligible ǁomen ǁill be sent a leƩer to inĨorm them on this study͘  BRCA1/2 mutaƟon 
carriers ǁill be asked to resƉond ǁhether or not they ǁould be interested to 
ƉarƟciƉate͘ IĨ they are interested, the ƉaƟent inĨormaƟon Ĩorm ǁill be sent and an 
aƉƉointment ǁill be made to eǆƉlain the raƟonale, design and aims oĨ the study in 
Ɖerson͘ The ƉaƟent ǁill have suĸcient Ɵme ;minimal one ǁeekͿ to consider the 
study beĨore deciding to ƉarƟciƉate͘ WriƩen inĨormed consent Ĩrom the ƉaƟent 
is reƋuired beĨore ƉarƟciƉaƟon͘ &urthermore, every neǁly diagnosed germline 
BRCA1/2 mutaƟon carrier at the deƉartment oĨ Clinical GeneƟcs that ĨulĮlls the 
inclusion criteria ǁill be inĨormed on the study͘
KƵƚĐŽŵĞŵĞĂƐƵƌĞƐ
a͘ Primary outcome measure
  MenoƉause-sƉeciĮc Yo>, measured by the Greene Climacteric ^cale ;GC^Ϳ 
ƋuesƟonnaire in Dutch͘52 This ƋuesƟonnaire consists oĨ 21 items divided into 
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various domains: Ɖsychological ;11 items, divided into anǆiety and deƉression 
subscalesͿ, somaƟc ;ϳ itemsͿ, vasomotor symƉtoms ;2 itemsͿ and seǆual ;1 itemͿ͘ 
ach symƉtom is rated according to its severity using a Ĩour-Ɖoint >ikert scale͘ The 
Greene Climacteric score is the sum oĨ all 21 items ranging Ĩrom 0 to 63͘ A higher 
total score  corresƉonds ǁith more menoƉausal symƉtoms͘
b͘ ^econdary outcome measures
 -  General Yo> and Yo>-related items, measured by several ƋuesƟonnaires ;see 
secƟon Pre-treatment evaluaƟonͿ 
 -  Incidence oĨ ovarian and breast cancer
 -  ^ urgical comƉlicaƟons, e͘g͘ inĨecƟon, conversion, haemorrhage and comƉlicaƟons 
at the second laƉaroscoƉic Ɖrocedure ;RRKͿ due to Ɖrevious RR^͘ 
 -  ,istoƉathological Įndings oĨ removed ĨalloƉian tubes and ovaries, i͘e͘ ;ƉreͿ
malignancies
 -  Cardiovascular risk Ĩactors and incidence oĨ cardiovascular disease
 -  Cost-eīecƟveness oĨ the innovaƟve treatment comƉared to standard treatment 
 
/ŶƚĞƌǀĞŶƟŽŶƐ
^tandard treatment ;control armͿ:
RR^K betǁeen age 35–40 in BRCA1 mutaƟon carriers and betǁeen 40–45 in BRCA2 mutaƟon 
carriers ;eǆact ages varying across diīerent hosƉitalsͿ and ǁhen childbearing is comƉleted͘
InnovaƟve treatment ;eǆƉerimental armͿ:
RR^ ǁhen childbearing is comƉleted ǁith second stage RRK delayed Ĩor Įve years comƉared 
to the currently recommended age Ĩor RR^K, i͘e͘ at the age oĨ 40–45 in BRCA1 and 45–50 in 
BRCA2 mutaƟon carriers͘ Regarding the deĮniƟve contraceƉƟon ǁhich is a result oĨ RR^ and 
the age at ǁhich RR^ is ƉerĨormed, ǁomen ǁill be counseled in a similar manner as ǁomen 
consulƟng the gynaecologist Ĩor steriliǌaƟon͘ RR^ ǁill be ƉerĨormed according to >eblanc 
et al..53 Whenever a ;ƉreͿmalignancy is Ĩound in the RR^ sƉecimen, RRK ǁill be ƉerĨormed 
as soon as Ɖossible, as ǁell as addiƟonal surgery or treatment iĨ necessary, e͘g͘ staging 
Ɖrocedure͘
ĂƚĂĐŽůůĞĐƟŽŶ
a͘ Pre-treatment evaluaƟon
  All ƉaƟents ǁill be asked to Įll out ǁeb-based baseline ƋuesƟonnaires͘ 
YuesƟonnaires on demograƉhic data and medical history ǁith a sƉecial Ĩocus on 
cancer and cardiovascular risk Ĩactors are included͘ &urthermore, Yo>;-relatedͿ 
ƋuesƟonnaires include Dutch versions oĨ the Greene Climacteric ^cale ;GC^Ϳ52, 
^hort &orm ,ealth ^urvey ;^&-36Ϳ54, Y-5D-5>55, Cancer Worry ^cale ;CW^Ϳ56,5ϳ, 
&emale ^eǆual &uncƟon Indeǆ ;&^&IͿ58,5ϵ, &emale ^eǆual Distress ^cale ;&^D^Ϳ5ϵ,60 
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and Decisional ConŇict ^cale ;DC^Ϳ61͘ YuesƟons based on the InsƟtute oĨ Medical 
Technology Assessment ProducƟvity Cost YuesƟonnaire ;iPCYͿ62 and the Medical 
ConsumƉƟon YuesƟonnaire ;iMCYͿ63 ǁill be used to collect data on ƉroducƟvity 
loss and health consumƉƟon͘ Moreover, blood Ɖressure, body mass indeǆ and 
ǁaist-hiƉ raƟo ǁill be documented͘ &asƟng blood samƉles ǁill be taken to measure 
cardiovascular risk Ĩactors͘
b͘ &olloǁ-uƉ
  ^ iǆ ǁeeks aŌer surgery, data on surgical comƉlicaƟons and histoƉathological Įndings 
are collected͘ The ^ecƟonŝnŐ anĚ EǆtenƐŝǀelǇ EǆaŵŝnŝnŐ tŚe &/MďrŝateĚ EnĚ ;^EE-
&/MͿ of tŚe &allopŝan duďe ;^-&IMͿ Ɖrotocol ǁill be used Ĩor the laƩer͘ 64 &olloǁ-
uƉ by ǁeb-based ƋuesƟonnaires as described at baseline eǆceƉt Ĩor the Decisional 
ConŇict ^cale is scheduled at 3 and 12 months aŌer surgery͘  At 1, 5 and 15 years 
Ĩolloǁ-uƉ, the Decision Regret ^cale ;DR^Ϳ is added͘65 &rom one year aŌer surgery, 
ƋuesƟonnaires ǁill be sent biennially unƟl the end oĨ Ĩolloǁ-uƉ ;in case oĨ only one 
surgery in the standard treatment armͿ or unƟl undergoing RRK ;in the innovaƟve 
armͿ͘ AŌer RRK, data ǁill be collected at siǆ ǁeeks and 3 and 12 months aŌer surgery, 
comƉarable to Ĩolloǁ-uƉ aŌer the Įrst oƉeraƟon, and then biennial ƋuesƟonnaires 
ǁill be sent unƟl the end oĨ Ĩolloǁ-uƉ, 15 years aŌer the last ;or onlyͿ surgery͘  
AddiƟonally, blood Ɖressure, body mass indeǆ, ǁaist-hiƉ raƟo and cardiovascular 
risk Ĩactors in ĨasƟng blood samƉles ǁill be collected Įve years aŌer each surgery͘  
&olloǁ-uƉ by ƋuesƟonnaires ǁill conƟnue biennially unƟl 15 years aŌer the last 
surgery to detect occurrence oĨ ovarian cancer͘  ^ince the ǁide Ɖossible range oĨ age 
at inclusion, Ɵming oĨ surgeries and interval betǁeen surgeries, it is hard to sƉeciĨy 
and generaliǌe the eǆact amount and Ɵming oĨ Ĩolloǁ-uƉ͘ A Ňoǁchart visualising the 
Ĩolloǁ-uƉ schedule can be Ĩound in &igure 2͘
c͘ Cost-eīecƟveness
  This economic evaluaƟon ǁill comƉare costs and Ƌuality adjusted liĨe years ;YA>zͿ 
oĨ the innovaƟve treatment ǁith standard treatment͘ The ƉersƉecƟve oĨ this 
economic evaluaƟon ǁill be a societal ƉersƉecƟve͘ oth healthcare and societal 
costs ǁhich can be related to this study ǁill be assessed unƟl 15 years aŌer 
last surgery͘  Costs are collected on a Ɖer ƉaƟent level͘ The incremental costs oĨ 
innovaƟve care comƉared to standard care ǁill be based on the diīerence in costs 
betǁeen grouƉs͘ The healthcare costs, measured by the Medical ConsumƉƟon 
YuesƟonnaire ;iMCYͿ tailored to this conteǆt, ǁill be calculated͘ ^ocietal costs ǁill 
be calculated Ĩrom a selecƟon oĨ the ProducƟvity Cost YuesƟonnaire ;iPCYͿ͘ The 
outƉut or conseƋuences oĨ both innovaƟve and standard care ǁill be determined 
by measuring Yo> beĨore and during the study͘  The ^&-36 and Y-5D-5> ǁill be 
used Ĩor this analysis͘ The outcomes ǁill be translated to a long-Ɵme diīerence in 
YA>z͘  <ey variables ǁill be varied in a sensiƟvity analysis to evaluate their imƉact 
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on the incremental costs Ɖer YA>z gained raƟo͘ Including the innovaƟve strategy in 
Ĩuture guideline recommendaƟons deƉends on the incremental cost Ɖer YA>z͘  As 
menƟoned beĨore, data ǁill be collected unƟl 15 years aŌer last surgery͘  ,oǁever, 
an interim cost-eīecƟveness analysis ǁill be ƉerĨormed aŌer eight years to Ɖrovide 
inĨormaƟon Ĩor Ɖroceeding imƉlementaƟon͘ RecommendaƟon Ĩor imƉlementaƟon 
ǁill be based on the emƉirical cost data comƉleted ǁith modelled costs over the 
remaining Ɖeriod͘ Accuracy oĨ this model ǁill be evaluated at the end oĨ 15 years 
Ĩolloǁ-uƉ, ǁhen data collecƟon on the actual costs during the remaining seven 
years ǁill have been comƉleted͘
d͘ PotenƟal adverse events
   In the innovaƟve treatment, BRCA1/2 mutaƟon carriers ǁill undergo an addiƟonal 
laƉaroscoƉy͘  <noǁn comƉlicaƟon rates Ĩor RR^K in a comƉarable ƉoƉulaƟon vary 
Ĩrom 0͘6–5й Ĩor major comƉlicaƟons ;conversion, bladder or boǁel injury, addiƟonal 
surgery reƋuiredͿ and 3͘ϳ–10й Ĩor minor comƉlicaƟons ;inĨecƟon, bleeding, 
haematomaͿ͘1ϳ,18,42,66 Risks might be loǁer Ĩor RR^ alone͘ As menƟoned beĨore, data 
on surgery-related comƉlicaƟons ǁill be collected siǆ ǁeeks aŌer each surgery͘  
&urthermore, the ǁorst-case scenario is that RR^ does not reduce ovarian cancer 
risk at all͘ Then, the ƉostƉonement oĨ RRK Ĩor Įve years might result in a higher 
ovarian cancer incidence in the eǆƉerimental arm͘ We used a model to calculate 
the risk Ĩor interval ovarian carcinoma ǁhen RRK is ƉerĨormed Įve years later than 
the current guideline age͘ The risk to develoƉ ovarian carcinoma ǁithin these Įve 
years is esƟmated to be uƉ to 1–2й Ĩor BRCA1 mutaƟon carriers and uƉ to 0͘5–1й 
Ĩor BRCA2 mutaƟon carriers͘ Cancer incidence ǁill be monitored by ƋuesƟonnaires͘
SƚĂƟƐƟĐĂůĂŶĂůǇƐŝƐ
a͘ ^amƉle siǌe calculaƟon
  The Ɖrimary outcome measure is menoƉause-sƉeciĮc Yo>͘ MenoƉausal symƉtoms 
ǁill be assessed by the Greene Climacteric ^cale ;GC^Ϳ͘ The main comƉarison is the 
diīerence in GC^ betǁeen ǁomen geƫng the innovaƟve treatment and ǁomen 
geƫng standard RR^K ǁithout Ɖostsurgical hormone reƉlacement theraƉy ;,RTͿ, 
ǁhich is about one third oĨ ǁomen aŌer RR^K͘ This diīerence is esƟmated at Įve 
Ɖoints on the GC^, ǁith standard deviaƟon ϳ͘36, based on Įgures oĨ arentsen et 
al͘͘6ϳ ach hosƉital ǁill Ɖrovide both innovaƟve and standard treatment, based on 
ƉaƟent choice ;no randomiǌaƟonͿ͘ We assume an intra-cluster correlaƟon coeĸcient 
ч 0͘10͘ When ǁe have about 10 hosƉitals, ǁith 51 ƉaƟents Ɖer hosƉital ;total n с 
510Ϳ, ǁe eǆƉect that the majority oĨ hosƉitals ;ϳ hosƉitals or moreͿ ǁill Ɖrovide 
at least three ƉaƟents ǁith the innovaƟve treatment͘ The remaining hosƉitals ;3 
or lessͿ Ɖrovide 51 ƉaƟents ǁith standard treatment oĨ ǁhom 16 ǁill be on RR^K 
ǁithout ,RT ;see aƉƉendiǆ 3Ϳ͘ This scenario gives an 80й Ɖoǁer ;alƉha с 0͘05Ϳ͘
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^tandard
treatment
RR^K
InnovaƟve
treatment
RR^ ǁith
delayed RRK
BRCA mutaƟon carrier͖
age 25-45 years͖
childbearing comƉleted
Physical eǆaminaƟon ;blood Ɖressure, body mass indeǆ, ǁaist-hiƉ raƟoͿ͖ blood analysis͖
ƋuesƟonnaires: general medical ƋuesƟons Θ demograƉhics ;GeneralͿ, Ƌuality oĨ liĨe ;YolͿ, cancer ǁorry scale
;CW^Ϳ, cardiovascular ;CVDͿ, ƉroducƟvity and healthcare costs ;PͬMCYͿ, evaluaƟon oĨ decision ;DC^ͬDR^Ϳ
PaƟent inĨormaƟon leƩer͖
consultaƟon by Ɖhysician͖
inĨormed consent
iennial ƋuesƟonnaires
;General, Yo>, CW^, PͬMCYͿ
unƟl RR^K
RR^
Pathological assessment
ĨalloƉian tubes ;^-&IMͿ and
Ɖeritoneal ǁashing
iennial ƋuesƟonnaires year
1-15 ;General, Yo>, CW^, Pͬ
MCYͿ year 15: DR^ added
iennial ƋuesƟonnaires
;General, Yo>, CW^, PͬMCYͿ
unƟl RR^K
5 years͖ all ƋuesƟonnaires,
Ɖhysical eǆaminaƟon, blood
analysis
ParƟciƉants noƟĮes
researchers about date and
Ɖlace oĨ surgery ;RR^KͬRRKͿ
RR;^ͿK
6 ǁeeks: comƉlicaƟons
6 ǁeeks: comƉlicaƟons
Pathological assessment
ovaries ;ĨalloƉian tubes ;^&IMͿͿ
and Ɖeritoneal ǁashing
Physical eǆaminaƟon, blood
analysis, ƋuesƟonnaires
3 months: ƋuesƟonnaires
;General, Yo>, CW^, PͬMCYͿ
3 months: ƋuesƟonnaires
;General, Yo>, CW^, PͬMCYͿ
3 years: ƋuesƟonnaires
;General, Yo>, CW^, PͬMCYͿ
5 years: all ƋuesƟonnaires
Ɖhysical eǆaminaƟon, blood
analysis
1 years: all ƋuesƟonnaires
1 years: all ƋuesƟonnaires
^TIC͍
&ŝŐƵƌĞ2^chedule oĨ Ĩolloǁ-uƉ in TUA-study
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b͘ Data analysis
  To test diīerences betǁeen tǁo subgrouƉs on the course oĨ Yo> since baseline, 
ǁe ǁill carry out a miǆed model analysis to accommodate Ĩor hosƉital eīects and 
reƉeated measurements͘ All secondary outcome measures ǁill be analysed using 
miǆed models in a similar manner͘  Cost-eīecƟveness, as Ĩar as it concerns the 
emƉirical data, is analysed in a stochasƟc Ĩashion using bootstraƉƉed regression 
based techniƋues ;i͘e͘, linear miǆed modelͿ adhering to the net beneĮt Ĩrameǁork͘
c͘ ^aĨety
  An indeƉendent Data ^aĨety Monitoring oard ;D^MͿ is established, eǆisƟng oĨ 
three indeƉendent eǆƉerts ǁho have no conŇict oĨ interest͘ This commiƩee ǁill 
meet once a year to ƉerĨorm interim analysis sƉeciĮcally ǁith resƉect to saĨety͘  
The D^M ǁill reƉort to the study coordinator and may recommend changes in the 
conduct oĨ the study or even Ɖremature study terminaƟon͘
ƚŚŝĐƐ
The study is conducted according to the ƉrinciƉles oĨ the DeclaraƟon oĨ ,elsinki ;2008Ϳ and 
to the Medical Research Involving ,uman ^ubjects Act ;Dutch: WMKͿ͘ The Ɖrotocol has been 
medical-ethically aƉƉroved to be conducted in all 11 centers by the Medical-thical CommiƩee 
oĨ Arnhem-Nijmegen ;N> 50048͘0ϵ1͘14Ϳ͘ The ƉarƟciƉaƟng centers are the Radboud university 
medical center Nijmegen, Maastricht University Medical Centre, rasmus MC Cancer Clinic 
RoƩerdam, Center Ĩor Gynaecological Kncology Amsterdam ;CGKAͿ: locaƟon Netherlands 
Cancer InsƟtuteͬAntoni van >eeuǁenhoek ,osƉital and locaƟon Amsterdam Medical Center, 
University Medical Center Groningen, UMC Utrecht Cancer Centre, >eiden University Medical 
Centre, Gynaecologic Kncologic Center ^outh: locaƟon lisabeth-Tǁee^teden ,osƉital 
Tilburg and locaƟon Catharina ,osƉital indhoven͘ &urthermore, the Ɖrotocol is registered 
in Clinicaltrials͘gov ;NCT02321228Ϳ͘ WriƩen inĨormed consent is obtained Ĩrom all ƉaƟents 
beĨore enrolment͘
/SUSS/KN
In this study Ɖrotocol, ǁe describe a ƉrosƉecƟve non-randomiǌed mulƟcenter trial in 
ƉremenoƉausal BRCA mutaƟon carriers͘ We comƉare the standard strategy to reduce ovarian 
cancer risk, i͘e͘ RR^K at recommended age oĨ 35–40 in BRCA1 and at recommended age oĨ 
40–45 in BRCA2 mutaƟon carriers, ǁith an innovaƟve risk-reducing strategy͘  In this innovaƟve 
strategy, early RR^ is ƉerĨormed uƉon comƉleƟon oĨ childbearing and subseƋuent RRK is 
delayed Ĩor Įve years comƉared to the currently recommended age Ĩor the standard strategy͘  
The Ɖrimary outcome measure is menoƉause-related Yo>͘ ^econdary outcome measures 
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include saĨety ;cancer incidence and surgical comƉlicaƟonsͿ, histoƉathological Įndings oĨ 
surgery sƉecimens, cardiovascular risk Ĩactors and cost-eīecƟveness͘
Currently, there are tǁo other ongoing studies invesƟgaƟng diīerent asƉects oĨ salƉingectomy 
in germline BRCA mutaƟon carriers͘ A research grouƉ Ĩrom Teǆas invesƟgates ƉaƟent 
comƉliance ǁith delayed ooƉhorectomy aŌer having undergone ƉroƉhylacƟc salƉingectomy 
;NCT01ϵ0ϳϳ8ϵͿ͘ They comƉare three regimens: ovarian cancer screening ;3 years Ĩolloǁ-
uƉͿ, ƉroƉhylacƟc salƉingectomy ǁith delayed ooƉhorectomy ;4 years oĨ Ĩolloǁ-uƉ including 
1 year aŌer ooƉhorectomyͿ and risk-reducing salƉingo-ooƉhorectomy ;1 year Ĩolloǁ-
uƉͿ͘ Yo> is measured as ǁell͘ >ike our study, they do not randomiǌe͘ This study Ĩocuses 
on another endƉoint, i͘e͘ ǁhether BRCA mutaƟon carriers return Ĩor ooƉhorectomy aŌer 
earlier salƉingectomy͘  DuraƟon oĨ Ĩolloǁ-uƉ is adjusted to this endƉoint and is relaƟvely 
short to assess the saĨety oĨ RR^ ǁith delayed RRK as it comes to cancer incidence and non-
cancer related morbidity͘  In our study, ǁe Ĩocus on Yo>, and several subdomains oĨ Yo> are 
measured as ǁell͘ Nevertheless, our Ĩolloǁ-uƉ ǁill not be ceased aŌer Yo> data comƉleƟon, 
but ǁill be Ɖrolonged to guarantee a close monitoring oĨ cancer incidence and non-cancer 
related morbidity͘
In a &rench study, BRCA mutaƟon carriers ǁho are reluctant to RR^K because oĨ onset oĨ 
Ɖremature menoƉause are oīered a radical Įmbriectomy as alternaƟve ;NCT016080ϳ4Ϳ͘ 
Primary outcome is the number oĨ Ɖelvic serous carcinomas occurring betǁeen Įmbriectomy 
and menoƉause͘ ^econdary outcomes are ƉerioƉeraƟve morbidity, histoƉathologic 
Įndings oĨ Įmbriectomy sƉecimens, incidence oĨ breast cancer and the rate oĨ secondary 
ooƉhorectomy and associated morbidity͘  In this study, Įmbriectomy is only oīered to ǁomen 
ǁho reĨuse RR^K and RR^ ǁill in ƉrinciƉle not be Ĩolloǁed by RRK, ǁhile all ǁomen in our 
study eventually undergo RRK ;current uƉtake oĨ RR^K among BRCA mutaƟon carriers is 
ϵ5й in the NetherlandsͿ͘ &urthermore, in this &rench study BRCA mutaƟon carriers have to 
be older than 35 to be included͘ We include ǁomen Ĩrom 25 years old, to oƉƟmiǌe Ɖossible 
risk reducƟon by removing the ĨalloƉian tubes as early as Ɖossible uƉon comƉleƟon oĨ 
childbearing͘ At last, the Ɖossible advantages oĨ ƉreservaƟon oĨ the ovaries Ĩor Yo> are not 
evaluated in this Įmbriectomy study, ǁhile this is the Ɖrimary outcome in our study͘  
In conclusion, the current standard RR^K at age 35–40 ;BRCA1Ϳ or 40–45 ;BRCA2Ϳ is highly 
eīecƟve in reducing ovarian cancer incidence͘ ,oǁever, conseƋuent Ɖremature surgical 
menoƉause comes ǁith short-term and long-term noncancer-related morbidity and Ɖrobably 
aīects Yo>͘ Neǁ insights in the origin oĨ serous Ɖelvic cancer Ɖut the ĨalloƉian tube Ĩorǁard 
as target Ĩor alternaƟve ƉrevenƟve surgery͘  The eǆtent oĨ the role oĨ the ĨalloƉian tubes in 
ovarian carcinogenesis remains uncertain͘ We eǆƉect that early salƉingectomy ǁith delayed 
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ooƉhorectomy is a reasonable alternaƟve to Ɖreserve ovarian ĨuncƟon toǁards the age oĨ 
natural menoƉause ǁithout a signiĮcant increase in ovarian cancer incidence͘
A<NKt>'DNdS
This study is Ĩunded by the Dutch Cancer ^ociety, Ɖroject number <UN 2014-ϳ18ϳ͘ We ǁould 
like to thank our Ɖanel oĨ BRCA mutaƟon carriers ǁho ǁere ǁilling to contribute to this study 
Ɖrotocol and associated documents by giving insight in ƉaƟents͛ ƉersƉecƟves͘ 
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KďũĞĐƟǀĞ
DemoraliǌaƟon is a relaƟvely neglected issue in ǁhich loǁ morale and Ɖoor coƉing result 
Ĩrom a stressor such as Ĩamilial cancer risk͘ &emale BRCA1/2 mutaƟon carriers are highly 
susceƉƟble Ĩor develoƉing breast and ovarian cancer͘  The aim oĨ this study ǁas to evaluate 
demoraliǌaƟon in ooƉhorectomiǌed BRCA1/2 mutaƟon carriers and its relaƟon to Ƌuality oĨ 
liĨe͘ 
DĞƚŚŽĚƐ
This cross-secƟonal study eǆamined 288 ooƉhorectomiǌed BRCA1/2 mutaƟon carriers using 
the Ĩolloǁing standardiǌed selĨ-reƉort measures: DemoraliǌaƟon ^cale, KRTC Yuality oĨ >iĨe 
YuesƟonnaire-C30, ^tate-Trait Anǆiety Inventory and the Cancer Worry ^cale͘ 
ZĞƐƵůƚƐ
The mean score on the DemoraliǌaƟon ^cale ǁas 1ϳ͘8 ;^D 14͘0Ϳ͘ A clinically signiĮcant level 
oĨ demoraliǌaƟon, deĮned as a score ш 30, ǁas Ĩound in 45 BRCA1/2 mutaƟon carriers ;16йͿ͘ 
eing highly demoraliǌed ǁas associated ǁith a signiĮcantly loǁer Ƌuality oĨ liĨe, and higher 
levels oĨ Ɖhysical Ɖroblems, anǆiety and cancer ǁorries͘ No demograƉhic or clinical Ĩactors 
could Ɖredict higher levels oĨ demoraliǌaƟon͘
ŽŶĐůƵƐŝŽŶ
Kur Įndings established that a clear ƉroƉorƟon oĨ ooƉhorectomiǌed BRCA1/2 mutaƟon 
carriers eǆƉerience demoraliǌaƟon imƉacƟng on their ǁell-being͘ &urther research is needed 
to eǆƉlore the natural trajectory oĨ demoraliǌaƟon and the resultant need Ĩor suƉƉort in 
these ǁomen͘
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vidence groǁs shoǁing that demoraliǌaƟon is a relevant Ĩactor inŇuencing Ɖsychological ǁell-
being in ƉaƟents ǁith cancer and other medical diseases͘1,2 DemoraliǌaƟon, as described by 
&rank 3, is eǆƉerienced as a Ɖersistent inability to coƉe, together ǁith Ĩeelings oĨ helƉlessness, 
hoƉelessness, meaninglessness, subjecƟve incomƉetence and diminished selĨ-esteem͘ It is 
the burden oĨ disease or suīering Ĩrom a sƉeciĮc condiƟon ǁhich highly determines the 
need Ĩor ƉroĨessional suƉƉort, advocaƟng Ĩor measures to assess the ǁell-being oĨ individual 
ƉaƟents͘4 
Women ǁith a germline mutaƟon in one oĨ the tǁo breast cancer genes ;BRCA1 and BRCA2Ϳ 
are at high risk Ĩor develoƉing breast and ovarian cancer, 40–80й and 18–40й, resƉecƟvely͘ 5-ϳ 
To handle these high risks, Ĩemale BRCA1/2 mutaƟon carriers have to make decisions about 
risk-reducing strategies ƉotenƟally aīecƟng both Ɖhysical and Ɖsychological ǁell-being͘ 
KƉƟons Ĩor breast cancer risk reducƟon consist oĨ intensive surveillance or risk-reducing 
mastectomy ;RRMͿ, ǁith the laƩer substanƟally reducing the breast cancer risk, but survival 
beneĮts are not yet conĮrmed͘8,ϵ ecause oĨ the absence oĨ eīecƟve screening Ĩor ovarian 
cancer combined ǁith its Ɖoor Ɖrognosis10, risk-reducing salƉingo-ooƉhorectomy ;RR^KͿ is 
strongly recommended to all BRCA1/2 mutaƟon carriers around the age oĨ 40 years͘11 RR^K 
highly reduces the risk oĨ ovarian cancer12,13, although a residual risk oĨ Ɖeritoneal cancer ;1–
4йͿ remains͘14,15 Adverse eīects oĨ Ɖremature surgical menoƉause include short-term ;e͘g͘ 
vasomotor symƉtoms, seǆual dysĨuncƟonͿ and Ɖossible long-term eīects ;e͘g͘ osteoƉorosis, 
cardiovascular diseaseͿ, ǁhich may not be Ĩully alleviated by hormone reƉlacement theraƉy 
;,RTͿ͘16-21
esides Ɖhysical conseƋuences, asƉects oĨ Ɖsychological distress are studied in BRCA1/2 
mutaƟon carriers͘ AŌer risk-reducing surgery, health-related Ƌuality oĨ liĨe in BRCA1/2 
mutaƟon carriers is unaīected or only brieŇy diminished, and general and cancer-sƉeciĮc 
distress are decreased͘22-2ϳ The level oĨ deƉressive symƉtoms and general anǆiety have been 
loǁ and seem to be unaīected by RR^K͘22,23,28 
In addiƟon to Ɖhysical and Ɖsychological ĨuncƟoning, eǆistenƟal ǁell-being is an imƉortant 
determinant oĨ Ƌuality oĨ liĨe͘2ϵ DemoraliǌaƟon, as described by Clarke and <issane30, is a 
clearly deĮned syndrome oĨ eǆistenƟal distress occurring in ƉaƟents suīering Ĩrom Ɖhysical 
and Ɖsychiatric illness, including ones that threaten liĨe or integrity oĨ being͘ ,oƉelessness, 
the hallmark oĨ demoraliǌaƟon, is associated ǁith Ɖoor outcomes in illness30-32, and seems 
to be associated ǁith a signiĮcantly increased risk oĨ relaƉse or death at Įve and 10 years 
aŌer early-stage breast cancer͘ 33,34 In cancer ƉaƟents, demoraliǌaƟon is negaƟvely associated 
ǁith Ƌuality oĨ liĨe, and ƉosiƟvely related to deƉression, anǆiety and Ɖhysical Ɖroblems͘ 
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DemoraliǌaƟon is not associated ǁith cancer-related Ĩactors such as Ɵme since diagnosis, 
stage oĨ disease and tyƉe oĨ treatment͘2 
ConceƉts oĨ demoraliǌaƟon or eǆistenƟal distress have hardly had any aƩenƟon in research in 
BRCA1/2 mutaƟon carriers oĨ ǁhom a substanƟal Ɖart may become breast cancer survivors 
at some Ɖoint in their lives͘ BRCA1/2 mutaƟon carriers are generally eǆƉosed to various 
overǁhelming circumstances concerning health and Ĩamily maƩers͘ The majority ǁill be able 
to coƉe ǁith eǆistenƟal challenges in the conteǆt oĨ being a BRCA1/2 mutaƟon carrier, and 
they may react ǁith Ɖersonal groǁth and a heightened sense oĨ meaning and ƉurƉose in 
liĨe͘35 At the other end oĨ the sƉectrum oĨ resƉonses to eǆistenƟal challenges, helƉlessness, 
hoƉelessness, conĨusion, loǁ morale and Ɖessimism might occur ǁhen ƉaƟents Ĩeel they 
have Ĩailed their oǁn or others͛ eǆƉectaƟons Ĩor coƉing ǁith these liĨe events, and then they 
may become demoraliǌed͘30  
DemoraliǌaƟon might be a harbinger oĨ clinical deƉression, eǆist co-morbidly ǁith it or occur 
Ƌuite indeƉendently oĨ deƉression͘2 DeƉression is ƉarƟcularly characteriǌed by anhedonia, 
the diminished ability to eǆƉerience Ɖleasure͖ ǁhereas, demoraliǌaƟon is marked by loǁ 
morale, Ɖessimism and helƉlessness, ǁithout aīecƟng the ability to enjoy the Ɖresent 
moment͘30,36 DiīerenƟaƟon betǁeen demoraliǌaƟon and deƉression is oĨ clinical imƉortance 
in guiding the choice oĨ aƉƉroƉriate theraƉy͘ 30,3ϳ,38
The aim oĨ this study ǁas to evaluate the level oĨ demoraliǌaƟon in ooƉhorectomiǌed BRCA1/2 
mutaƟon carriers and to test our hyƉothesis that higher levels oĨ demoraliǌaƟon ǁould be 
related to loǁer Ƌuality oĨ liĨe͘   
Dd,KS
WĂƌƟĐŝƉĂŶƚƐĂŶĚƉƌŽĐĞĚƵƌĞ
We ƉerĨormed a cross-secƟonal observaƟonal study oĨ BRCA1/2 mutaƟon carriers ǁho 
underǁent RR^K using validated ƋuesƟonnaires to assess demoraliǌaƟon, Ƌuality oĨ liĨe, 
general and sƉeciĮc anǆiety͘  A total oĨ 62ϵ BRCA1/2 mutaƟon carriers ǁere idenƟĮed 
at the deƉartment oĨ Kbstetrics and Gynecology oĨ Radboud university medical center 
;RadboudumcͿ, Nijmegen, the Netherlands͘ All these BRCA1/2 mutaƟon carriers ǁere 
counseled at the &amilial Cancer Clinic organiǌing integrated care Ĩor BRCA1/2 mutaƟon 
carriers ǁithin the conteǆt oĨ a mulƟdisciƉlinary team including all ƉroĨessionals involved in 
ƉrevenƟon and management oĨ breast and ovarian cancer ;clinical geneƟcists, gynecologic 
oncologists, medical oncologists, ;ƉlasƟcͿ surgeons, Ɖathologists, radiologists and social 
ǁorkersͿ͘ During counseling by the gynecologic oncologists, BRCA1/2 mutaƟon carriers 
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ǁere told about their esƟmated liĨeƟme risk oĨ ovarian cancer, RR^K as only evidence-based 
aƉƉroach to reduce ovarian cancer risk, recommended age Ĩor RR^K, the eīect oĨ RR^K on 
ovarian cancer risk and menoƉause and Ɖossibility oĨ ,RT use͘ KĨ all idenƟĮed ǁomen, 156 
ǁere eǆcluded Ĩor not having an RR^K yet ;n с 12ϵͿ, being deceased ;n с 16Ϳ or diagnosed 
ǁith ovarian cancer ;n с 11Ϳ͘ In total, 4ϳ3 BRCA1/2 mutaƟon carriers ǁere eligible Ĩor 
ƉarƟciƉaƟon and underǁent an RR^K betǁeen November 1ϵϵ5 and May 2011 ;&igure 1Ϳ, 
and ǁere inĨormed by leƩer about the aim and content oĨ the study in June 2011͘ When 
consenƟng to ƉarƟciƉate, they ǁere invited to Įll in a digital ƋuesƟonnaire͘ ParƟciƉaƟon ǁas 
strictly voluntary and the survey ǁas conĮdenƟal and anonymous͘ YuesƟonnaires contained 
demograƉhic and clinical inĨormaƟon ;age, Ɖarity, highest level oĨ educaƟon, tyƉe oĨ BRCA 
mutaƟon, date oĨ BRCA mutaƟon analysis, date oĨ RR^K, ,RT use, hysterectomy, history oĨ 
breast cancer, Ĩamily history oĨ breast andͬor ovarian cancer and RRMͿ͘ This study ǁas not 
subject to the Dutch ͚Medical Research Involving ,uman ^ubjects Act͛ meaning no ethical 
aƉƉroval ǁas needed Ĩrom the insƟtuƟonal revieǁ board oĨ the Radboudumc͘  
BRCA1/2 mutaƟon carriers
;n с 62ϵͿ
Invited to ƉarƟciƉate
;n с 3ϳ4Ϳ
ComƉleted ƋuesƟonnaires
;n с 2ϵ2Ϳ
&inal samƉle
;n с 288Ϳ
Not eligible ;n с 156Ϳ:
Deceased ;n с 16Ϳ
No RR^K ;yetͿ ;n с 12ϵͿ
Kvarianͬtubal carcinoma ;n с 11Ϳ
Non-resƉonders ;n с 181Ϳ:
incorrect address ;n с 6Ϳ
No interest ;n с 6Ϳ
PhysicalͬemoƟonal condiƟon ;n с 4Ϳ
No resƉonds ;n с 165Ϳ
ǆcluded ;n с 4Ϳ:
х50й missing item resƉonses ;n с 3Ϳ
Missing total D^ score ;n с 1Ϳ
&ŝŐƵƌĞ1&loǁ chart oĨ recruitment
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The Dutch version oĨ the DemoraliǌaƟon ^cale ;D^Ϳ is a 24-item selĨ-reƉort, validated 
ƋuesƟonnaire, develoƉed to assess demoraliǌaƟon across cogniƟve, emoƟonal, moƟvaƟonal 
and social dimensions͘31,3ϵ ResƉondents reƉort the ĨreƋuency oĨ each item over the last 
tǁo ǁeeks on a Įve-Ɖoint >ikert scale ranging Ĩrom 0 ;͚never͛Ϳ to 4 ;͚all the Ɵme͛Ϳ͘ The D^ 
has Įve subscales describing loss oĨ meaning and ƉurƉose ;5 itemsͿ, dysƉhoria ;5 itemsͿ, 
disheartenment ;6 itemsͿ, helƉlessness ;4 itemsͿ and sense oĨ Ĩailure ;4 itemsͿ͘ In this study, 
the D^ had a Cronbach s͛ alƉha oĨ 0͘ϵ5͖ Ĩor the subscales it ranged betǁeen 0͘ϳ8 and 0͘8ϵ͘ 
A total score may range Ĩrom 0 to ϵ6, and higher scores indicate more demoraliǌaƟon͘ 
The cutoī scores ш 30 and ш 36 ǁere used to indicate moderate and high demoraliǌaƟon 
resƉecƟvely͘ 31,35,40 The D^ is able to diīerenƟate a subset oĨ ƉaƟents ǁho are demoraliǌed and 
yet not clinically deƉressed͘1,2 
The uroƉean KrganiǌaƟon Ĩor Research and Treatment oĨ Cancer ;KRTCͿ develoƉed a 
valid and reliable instrument measuring the Ƌuality oĨ liĨe oĨ cancer ƉaƟents: the Yuality oĨ 
>iĨe YuesƟonnaire-Core 30 ;KRTC Y>Y-C30Ϳ;Dutch version 3Ϳ͘41,42 The KRTC Y>Y-C30 is 
comƉosed oĨ both mulƟ-item scales and single-item measures including Įve ĨuncƟonal scales 
;Ɖhysical, role, emoƟonal, cogniƟve, socialͿ, three symƉtoms scales ;ĨaƟgue, Ɖain, nauseaͬ
vomiƟngͿ, a global health status scale and siǆ single items ;dysƉnoea, insomnia, aƉƉeƟte loss, 
consƟƉaƟon, diarrhea, Įnancial diĸculƟesͿ, all concerning the Ɖast ǁeek͘ All oĨ the scales 
range in score Ĩrom 0 to 100͘ ,igher scores in the global health status and ĨuncƟoning scales 
and loǁer scores in the symƉtom scale indicate beƩer Ƌuality oĨ liĨe͘ 
General anǆiety ǁas assessed using the Dutch version oĨ the ^Ɖielberger ^tate-Trait Anǆiety 
Inventory ;^TAIͿ͘43,44 It contains tǁo seƉarate 20-item subscales that measure state anǆiety 
;Ɖresent anǆietyͿ and trait anǆiety ;anǆiety in general as a Ɖersonality traitͿ͘ The global score 
Ĩor each Ĩorm is calculated as the sum oĨ the 20 items ranging Ĩrom 20 to 80͘ ,igher scores 
indicate more severe anǆiety͘  
To assess ƉaƟents͛ ǁorries about the remaining risk oĨ Ɖeritoneal cancer in the Ɖrevious 
month, the Dutch version oĨ the eight-item Cancer Worry ^cale ;CW^Ϳ ǁas used͘ The CW^ 
ǁas originally designed as a siǆ-item scale to measure ǁorry about cancer recurrence and the 
imƉact oĨ ǁorry on daily ĨuncƟoning͘45,46 Douma et al.4ϳ added tǁo general items to address 
ǁorries about Ĩamily members and Ĩuture surgery ;item ϳ and 8Ϳ͘ We sƉeciĮcally asked Ĩor 
the Ĩear oĨ the remaining risk oĨ Ɖeritoneal cancer ;item 1͵6Ϳ instead oĨ cancer in general, and 
thereby ǁe leŌ the Ĩear oĨ ;recurrentͿ breast cancer out oĨ consideraƟon͘ ^cores range Ĩrom 
8 to 32͘ In breast cancer survivors, a cutoī score oĨ 13 ;loǁͿ versus 14 ;highͿ seemed oƉƟmal 
to detect severe levels oĨ Ĩear͘ 48 
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dĂďůĞ1DemograƉhic and clinical characterisƟcs oĨ the resƉondents ;n с 288Ϳ
ĞŵŽŐƌĂƉŚŝĐĐŚĂƌĂĐƚĞƌŝƐƟĐƐ
Age, mean ;^DͿ͖ range 51͘3 ;8͘4Ϳ͖ 36͵ϳ6 years
Parity, n ;йͿ 
    0 34 ;12Ϳ
    1͵2 163 ;5ϳͿ
    ш3 ϵ1 ;31Ϳ
>evel oĨ educaƟon, n ;йͿ
    Primary educaƟon 10 ;4Ϳ
    ^econdary educaƟon 1ϵ1 ;66Ϳ 
    ,igher educaƟon 8ϳ ;30Ϳ
ůŝŶŝĐĂůĐŚĂƌĂĐƚĞƌŝƐƟĐƐ
MutaƟon, ;n йͿ  
    BRCA 1 182 ;63Ϳ
    BRCA 2 106 ;3ϳͿ
Personal history oĨ breast cancer ;missing с 1Ϳ, n ;йͿ
    No 18ϳ ;65Ϳ
    zes 100 ;35Ϳ
Risk reducing mastectomy ;missing с 1Ϳ, n ;йͿ
    No 164 ;5ϳͿ
    zes ϳ6 ;2ϳͿ
    Contralateral mastectomy aŌer breast cancer 4ϳ ;16Ϳ
&amily cancer history ;missing с 1Ϳ, n ;йͿ
    No 5 ;2Ϳ
    reast cancer 118 ;41Ϳ
    Kvarian cancer 1ϵ ;ϳͿ
    reast and ovarian cancer 13ϵ ;48Ϳ
    Cancer, not Ĩurther sƉeciĮed 6 ;2Ϳ
Degree oĨ Ĩamily cancer history ;missing с 3Ϳ, n ;йͿ
    &irst degree 202 ;ϳ2Ϳ
    Knly second degree ϳϳ ;28Ϳ
Age at RR^K, mean ;^DͿ 45͘ϳ ;8͘3Ϳ
Time since RR^K in months, median ;rangeͿ 53͘5 ;2͵235Ϳ
,ysterectomy ;missing с 24Ϳ, n ;йͿ
    No 24ϳ ;ϵ4Ϳ
    zes 1ϳ ;6Ϳ
Use oĨ hormone reƉlacement theraƉy* ;missing с 2Ϳ, n ;йͿ
    Never 1ϳϵ ;63Ϳ
    0͵5 years ϳϳ ;26Ϳ
    >5 years 30 ;11Ϳ
RR^K, risk-reducing salƉingo-ooƉhorectomy͖ *combined estrogen н Ɖrogesterone theraƉy ;n с 100Ϳ͖ estrogen-only 
theraƉy ;n с 3Ϳ͖ missing ;n с 4Ϳ͘
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We comƉuted the sum scores oĨ the validated ƋuesƟonnaires as indicated͘ We handled the less 
than one Ɖercent missing data oĨ the D^ by imƉuƟng items Ĩrom mulƟ-item scales: subscales 
ǁere calculated iĨ at least halĨ oĨ the items Ĩrom that subscale ǁere comƉleted͘ Means and 
Ɖercentages ǁere used to describe baseline characterisƟcs and all measured Ɖsychological 
variables͘ We tested the distribuƟon oĨ the data Ĩor normality using <olmogorov-^mirnov͘  
The D^ ǁas categoriǌed into three grouƉs ;loǁ ф 30͖ moderate 30–35͖ high > 35Ϳ͘31,35,40 
CorrelaƟons ǁere used to test associaƟons betǁeen the three levels oĨ demoraliǌaƟon and 
other Ɖsychological and Ɖhysical Ɖroblems͘ Univariate logisƟc analysis ǁas used to idenƟĨy 
demograƉhic and clinical Ĩactors associated ǁith high demoraliǌaƟon͘ ^taƟsƟcal analysis ǁas 
ƉerĨormed using ^P^^ soŌǁare version 20͘0 ;^P^^ Inc͘, Chicago, I>Ϳ͘ A tǁo-sided p ф 0͘05 ǁas 
considered staƟsƟcally signiĮcant͘
ZSU>dS
WĂƌƟĐŝƉĂŶƚƐ
In total 4ϳ3 ǁomen ǁere invited to ƉarƟciƉate, oĨ ǁho 2ϵ2 ;62йͿ comƉleted the 
ƋuesƟonnaire͘ Data Ĩrom Ĩour ǁomen ǁere eǆcluded because in three cases more than 50й 
oĨ item resƉonses ǁere missing, and in one case the total D^ score could not be calculated 
because oĨ missing values͘ The Įnal study samƉle consisted oĨ 288 BRCA1/2 mutaƟon carriers 
;&igure 1Ϳ͘ CharacterisƟcs oĨ all ƉarƟciƉants are listed in Table 1͘ KĨ the eǆcluded ǁomen ǁho 
had no RR^K ;yetͿ, 120 oĨ 12ϵ ;ϵ3йͿ ǁere under or at the recommended age oĨ RR^K͘ 
ĞŵŽƌĂůŝǌĂƟŽŶĂŶĚƉƐǇĐŚŽůŽŐŝĐĂůĨĂĐƚŽƌƐ
The results Ĩor demoraliǌaƟon, Ƌuality oĨ liĨe, anǆiety and ǁorries about Ĩuture Ɖeritoneal 
cancer are reƉorted in Table 2͘ A clinically relevant level oĨ demoraliǌaƟon ǁas Ĩound in 45 
BRCA1/2 mutaƟon carriers ;16йͿ͖ 15 ǁomen ;5͘2йͿ ǁere moderately demoraliǌed, and 
30 ǁomen ;10͘4йͿ ǁere highly demoraliǌed͘ The mean score on global health status in 
ooƉhorectomiǌed BRCA1/2 mutaƟon carriers ǁas ϳ6͘3 ;^D 1ϳ͘6Ϳ͘ Kverall, the sƉeciĮc Ƌuality 
oĨ liĨe measured by the Įve ĨuncƟoning scales ǁas high, and symƉtoms ǁere loǁ, in ƉarƟcular, 
the global level oĨ emoƟonal ĨuncƟoning did not suggest concern Ĩor clinical deƉression͘ 
Worries about Ɖeritoneal cancer ǁere generally loǁ in BRCA1/2 mutaƟon carriers͘ sƉecially, 
sƉeciĮc ǁorries about residual risk oĨ Ɖeritoneal cancer ;item 1–6Ϳ ǁere loǁ ;6͘8 ;^D 1͘6Ϳ͖ 
65й oĨ the ǁomen had no ǁorries about this risk at all, and only siǆ ǁomen ;2йͿ reƉorted 
;veryͿ ĨreƋuent ǁorries͘ General ǁorries ;item ϳ and 8Ϳ about risk oĨ cancer in their Ĩamily 
or ƉotenƟal need Ĩor ;addiƟonalͿ surgery in the Ĩuture ǁere reƉorted in a substanƟal Ɖart oĨ 
the BRCA1/2 mutaƟon carriers, 32й and 10й, resƉecƟvely͘  When using the cutoī score Ĩrom 
516584-L-sub01-bw-deJong
Processed on: 26-1-2018 PDF page: 99
DEMORALIZATION IN OOPHORECTOMIZED BRCA MUTATION CARRIERS
6
ϵϵ
the literature to detect severe levels oĨ Ĩear oĨ recurrence48, in our study 12й oĨ the BRCA1/2 
mutaƟon carriers reƉorted severe levels oĨ ǁorries about Ɖeritoneal cancer͘
dĂďůĞ2DemoraliǌaƟon, Ƌuality oĨ liĨe and anǆiety
sĂƌŝĂďůĞ DĞĂŶ;SͿ NŽƌŵĂůƌĂŶŐĞƐŽĨŵĞĂƐƵƌĞƐ
eŵoralŝǌaƟon
Total demoraliǌaƟon score 1ϳ͘8 ;14͘0Ϳ 0–ϵ6
     >oss oĨ meaning and ƉurƉose 1͘ϵ ;3͘2Ϳ 0–20
     DysƉhoria 4͘8 ;3͘4Ϳ 0–24
     Disheartenment 4͘6 ;4͘2Ϳ 0–20
     ,elƉlessness 2͘ϳ ;3͘2Ϳ 0–16
     ^ense oĨ Ĩailure 3͘ϵ ;2͘3Ϳ 0–16
,ealtŚ-relateĚ ƋualŝtǇ of lŝfe
     Global health statusͬYuality oĨ liĨe ϳ6͘6 ;1ϳ͘1Ϳ 0–100
     Physical ĨuncƟoning ϵ3͘5 ;12͘2Ϳ 0–100
     Role ĨuncƟoning ϵ1͘8 ;16͘ϵͿ 0–100
     moƟonal ĨuncƟoning 84͘2 ;1ϵ͘ϳͿ 0–100
     CogniƟve ĨuncƟoning 84͘8 ;20͘ϳͿ 0–100
     ^ocial ĨuncƟoning ϵ0͘4 ;18͘0Ϳ 0–100
AnǆŝetǇ
^tate anǆiety 34͘6 ;11͘4Ϳ 20–80
Trait anǆiety 34͘6 ;11͘0Ϳ 20–80
Cancer ǁorries 10͘ϳ ;2͘3Ϳ 8–32
ĞŵŽƌĂůŝǌĂƟŽŶĂƐƐŽĐŝĂƚĞĚǁŝƚŚƉƐǇĐŚŽůŽŐŝĐĂů͕ĐůŝŶŝĐĂůĂŶĚĚĞŵŽŐƌĂƉŚŝĐĨĂĐƚŽƌƐ
KoƉhorectomiǌed BRCA1/2 mutaƟon carriers ǁho ǁere highly demoraliǌed had a signiĮcantly 
loǁer global health status ;^Ɖearman s͛ rho ;rsͿ с –0͘45ϵ, Ɖ ф 0͘01Ϳ, and scored ǁorse on 
all ĨuncƟoning dimensions ;Table 3Ϳ͘ Regarding the item about Ĩeeling deƉressed ǁithin the 
KRTC Y>Y-C30, a high correlaƟon ǁith demoraliǌaƟon ǁas Ĩound ;rs с –0͘580, Ɖ ф 0͘01Ϳ͘ 
oth general anǆiety and cancer ǁorry ǁere ƉosiƟvely related to demoraliǌaƟon͘ ,igher 
levels oĨ demoraliǌaƟon ǁere also associated ǁith more Ɖhysical Ɖroblems, esƉecially ĨaƟgue 
and insomnia ;rs с 0͘338 and rs с 0͘34ϵ, both Ɖ ф 0͘01Ϳ͘ &urthermore, a correlaƟon ǁas Ĩound 
betǁeen Įnancial diĸculƟes and demoraliǌaƟon ;rs с 0͘32ϳ, Ɖ ф 0͘01Ϳ͘ 
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dĂďůĞϯCorrelaƟons betǁeen demoraliǌaƟon and Ɖsychological and Ɖhysical variables
>Žǁ
ĚĞŵŽƌĂůŝǌĂƟŽŶ
DŽĚĞƌĂƚĞ
ĚĞŵŽƌĂůŝǌĂƟŽŶ
,ŝŐŚ
ĚĞŵŽƌĂůŝǌĂƟŽŶ
SƉĞĂƌŵĂŶ͛Ɛ
ƌŚŽ
Ŷс24ϯ Ŷс1ϱ Ŷсϯ0
Global health status 80͘3 ;14͘3Ϳ 60͘ϳ ;13͘5Ϳ 55͘2 ;1ϵ͘ϳͿ –0͘45ϵ*
Physical ĨuncƟoning ϵ5͘5 ;ϵ͘4Ϳ 80͘4 ;1ϳ͘ϵͿ 84͘0 ;18͘8Ϳ –0͘31ϵ*
Role ĨuncƟoning ϵ4͘5 ;12͘4Ϳ ϳ8͘ϵ ;2ϵ͘1Ϳ ϳ6͘ϳ ;26͘8Ϳ –0͘314*
moƟonal ĨuncƟoning 8ϵ͘0 ;14͘ϳͿ 6ϳ͘8 ;14͘ϳͿ 52͘ϵ ;24͘ϵͿ –0͘506*
CogniƟve ĨuncƟoning 88͘1 ;1ϳ͘ϵͿ ϳ1͘4 ;24͘8Ϳ 63͘8 ;25͘6Ϳ –0͘366*
^ocial ĨuncƟoning ϵ3͘ϵ ;13͘2Ϳ ϳ0͘8 ;25͘ϳͿ ϳ0͘6 ;2ϳ͘ϵͿ –0͘418*
^tate anǆiety 31͘5 ;8͘3Ϳ 43͘ϳ ;8͘0Ϳ 54͘ϵ ;11͘1Ϳ 0͘53ϳ*
Trait anǆiety 31͘4 ;ϳ͘6Ϳ 46͘5 ;5͘5Ϳ 55͘0 ;10͘ϳͿ 0͘5ϳϳ*
Cancer ǁorries 10͘4 ;1͘ϵͿ 11͘ϳ ;2͘1Ϳ 12͘6 ;3͘2Ϳ 0͘2ϳ1*
&aƟgue 13͘2 ;16͘3Ϳ 28͘1 ;18͘2Ϳ 3ϳ͘8 ;26͘ϳͿ 0͘338*
Nausea and vomiƟng 1͘4 ;6͘ϳͿ 3͘3 ;6͘ϵͿ 5͘6 ;10͘1Ϳ 0͘21ϵ*
Pain 8͘3 ;16͘4Ϳ 24͘4 ;28͘8Ϳ 26͘ϳ ;28͘6Ϳ 0͘26ϵ*
DysƉnoea 3͘ϳ ;11͘3Ϳ 8͘ϵ ;1ϵ͘8Ϳ 12͘2 ;18͘5Ϳ 0͘20ϳ*
Insomnia 1ϵ͘ϵ ;25͘6Ϳ 42͘2 ;23͘5Ϳ 46͘ϳ ;25͘ϳͿ 0͘34ϵ*
AƉƉeƟte loss 1͘ϵ ;8͘4Ϳ 0 16͘ϳ ;22͘ϳͿ 0͘2ϵ8*
ConsƟƉaƟon 6͘5 ;15͘5Ϳ 24͘4 ;2ϵ͘5Ϳ 12͘2 ;23͘ϵͿ 0͘168*
Diarrhea 2͘6 ;10͘8Ϳ 0 6͘ϳ ;20͘3Ϳ 0͘042
&inancial diĸculƟes 2͘1 ;ϵ͘3Ϳ 11͘ϵ ;31͘0Ϳ 21͘8 ;32͘5Ϳ 0͘32ϳ*
Values are eǆƉressed as mean ;^DͿ͖ *p ф 0͘01
 
No demograƉhic or clinical Ĩactors ǁere associated ǁith moderate to high demoraliǌaƟon 
using univariate logisƟc analysis͖ and thereĨore no mulƟvariate logisƟc regression ǁas 
ƉerĨormed ;Table 4Ϳ͘ 
/SUSS/KN
Kverall, loǁ levels oĨ demoraliǌaƟon ǁere Ĩound in ooƉhorectomiǌed BRCA1/2 mutaƟon 
carriers͖ although, Ĩor a substanƟal minority ;16йͿ clinically relevant levels oĨ demoraliǌaƟon 
occurred͘ eing demoraliǌed ǁas signiĮcantly associated ǁith loǁer Ƌuality oĨ liĨe and higher 
levels oĨ general and cancer-sƉeciĮc anǆiety͘  
The levels oĨ demoraliǌaƟon in ooƉhorectomiǌed BRCA1/2 mutaƟon carriers ǁere loǁer 
than Ĩound in a systemaƟc revieǁ oĨ cancer ƉaƟents in general͘2 UnĨortunately, data on 
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dĂďůĞ4Univariate logisƟc analysis Ĩor moderate to high demoraliǌaƟon ;D^ ш 30Ϳ by demograƉhic and clinical Ĩactors
ǆƉ;Ϳ 9ϱй/ ƉǀĂůƵĞ
ĞŵŽŐƌĂƉŚŝĐĨĂĐƚŽƌƐ
Age 1͘004 0͘ϵϳ–1͘04 0͘82
,aving children 1͘81 0͘ϳ6–4͘2ϵ 0͘18
,igher educaƟon 1͘41 0͘68–2͘ϵ3 0͘36
ůŝŶŝĐĂůĨĂĐƚŽƌƐ
BRCA2 mutaƟon 1͘0ϳ 0͘55–2͘0ϳ 0͘85
,istory oĨ breast cancer 0͘6ϵ 0͘36–1͘32 0͘26
Risk-reducing mastectomy 1͘53 0͘ϳ0–3͘35 0͘2ϵ
&amily member ǁith ovarian cancer 1͘0ϵ 0͘5ϳ–2͘06 0͘80
Mother ǁith breast or ovarian cancer 0͘81 0͘42–1͘5ϳ 0͘53
Age at RR^K 0͘ϵϵ6 0͘ϵ6–1͘04 0͘84
Time since RR^K 1͘003 0͘ϵϵ –1͘01 0͘3ϵ
RR^K > 1 year ago 0͘ϳ4 0͘2ϳ–2͘01 0͘56
,RT aŌer RR^K 1͘3ϵ 0͘ϳ0–2͘ϳ5 0͘34
CI, conĮdence interval͖ RR^K, risk-reducing salƉingo-ooƉhorectomy͖ ,RT, hormone reƉlacement theraƉy͘
demoraliǌaƟon in the general ƉoƉulaƟon are lacking͖ only one Dutch study on demoraliǌaƟon 
in oƉioid-deƉendent ƉaƟents used a community-based samƉle and cancer ƉaƟents as 
reĨerence grouƉs, reƉorƟng a slightly higher level oĨ demoraliǌaƟon in the community-based 
samƉle than in our study͘ 3ϵ
In mainly Italian studies, demoraliǌaƟon has been assessed by a categorical measurement, 
the DiagnosƟc Criteria Ĩor PsychosomaƟc Research ;DCPRͿ4ϵ reƉorƟng demoraliǌaƟon in 20–
34й oĨ the ƉaƟents ǁith diīerent medical diseases͘50-54 ComƉaring this structured intervieǁ 
ǁith the D^, the D^ aƉƉears to be more clinically useĨul as it is likely that demoraliǌaƟon 
eǆists on a conƟnuum ranging Ĩrom ǁhat ǁould be a normal resƉonse to one that ǁould be 
characteriǌed as dysĨuncƟonal͘ In addiƟon, the most recent ediƟon oĨ the D^M, the D^M-V55, 
acknoǁledges the limitaƟons oĨ categorical diagnosis and has shiŌed the conceƉtualiǌaƟon 
oĨ some disorders to a dimensional Ĩocus͘ 
ConcentraƟng on the clinical signiĮcance oĨ demoraliǌaƟon, diīerent thresholds have been 
uƟliǌed to ƋuanƟĨy meaningĨul Ɖresence oĨ demoraliǌaƟon͘2,31,35,40 &or our study, ǁe used 
the cutoī scores Ĩor moderate demoraliǌaƟon ;30–35Ϳ and high demoraliǌaƟon ;ш 36Ϳ, 
derived Ĩrom studies by <issane et al.31 and Vehling et al.35,40͘ Moderate and high levels oĨ 
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demoraliǌaƟon in cancer ƉaƟents ǁere observed in 8–11й and ϵ–1ϳй, resƉecƟvely35,40,56 
ǁhich is higher than our results͘ 
Kverall, ǁe Ĩound normal to high levels oĨ general and sƉeciĮc Ƌuality oĨ liĨe, and loǁ levels 
oĨ anǆiety͘  Kur results are in accordance ǁith studies on the imƉact oĨ RR^K on Ƌuality 
oĨ liĨe and anǆiety, reƉorƟng normal levels and no changes aŌer RR^K, although Ĩurther 
comƉarisons seems diĸcult due to small samƉles and diīerent study ƉoƉulaƟons, designs 
and ƋuesƟonnaires͘22,23,5ϳ-60 
To our knoǁledge, ǁorries about residual risk oĨ Ɖeritoneal cancer aŌer RR^K have not 
been studied Ɖreviously͖ ǁe Ĩound loǁ levels oĨ Ĩear oĨ residual risk oĨ Ɖeritoneal cancer͘  
Tǁelve Ɖercent oĨ all BRCA1/2 mutaƟon carriers had a severe level oĨ ǁorries, ǁhich is 
loǁer comƉared to earlier studies shoǁing that about 20й oĨ the ǁomen sƟll had signiĮcant 
ovarian cancer sƉeciĮc ǁorries aŌer RR^K͘22,58,5ϵ Most oĨ the reƉorted ǁorries in our study 
ǁere about risk oĨ cancer in Ĩamily members and Ĩuture surgery͘  Possible eǆƉlanaƟons Ĩor loǁ 
ǁorries about Ɖeritoneal cancer could be that ǁomen ǁere not ;ǁellͿ inĨormed about the 
residual risk, could not remember the given inĨormaƟon, or concluded that the residual risk 
oĨ 1–4й is small, and not ǁorth ǁorrying about͘ 
We Ĩound a strong negaƟve associaƟon betǁeen demoraliǌaƟon and health-related Ƌuality 
oĨ liĨe͘ Anǆiety, deƉression and cancer ǁorries ǁere highly related to demoraliǌaƟon͘ 
The relaƟonshiƉs betǁeen Ƌuality oĨ liĨe, deƉression and anǆiety to demoraliǌaƟon 
ǁere consistently conĮrmed in the literature on cancer ƉaƟents, and miǆed results ǁere 
reƉorted Ĩor age, educaƟon and cancer site͘2 UniĨormly, no associaƟon ǁas Ĩound betǁeen 
demoraliǌaƟon and Ɵme since diagnosis, stage oĨ disease and tyƉe oĨ treatment͘2 In our 
samƉle, no associaƟon ǁas Ĩound Ĩor age, Ɖarity, educaƟon level, history oĨ breast cancer, 
,RT use aŌer RR^K, Ĩamily history and RRM͘
Presumably, many Ɖhysicians ǁill meet demoraliǌed ƉaƟents, and the conĨusion ǁith deƉressed 
ƉaƟents is easily made ǁhen not being Ĩamiliar ǁith the conceƉt oĨ demoraliǌaƟon͘ When a 
threat occurs that ǁe need to coƉe ǁith, ǁe normally sustain our morale͘ IĨ disaƉƉointment 
or a mild or ŇeeƟng level oĨ demoraliǌaƟon occurs, ǁe helƉ ǁith encouragement and 
suƉƉort͘ ut once moderate or severe demoraliǌaƟon occurs, clinicians can do a lot to helƉ 
assuage this distress and imƉairment͘ In addiƟon, Clarke and <issane30 stated that helƉing a 
demoraliǌed Ɖerson is the role oĨ every health ƉroĨessional and is achieved most imƉortantly 
through a relaƟonshiƉ characteriǌed by emƉathic resonance, combined ǁith good Ɖhysical 
care and symƉtomaƟc relieĨ͘  It may be helƉĨul Ĩor Ɖhysicians to Ĩamiliariǌe themselves ǁith 
the conceƉt oĨ demoraliǌaƟon to beƩer inĨorm and suƉƉort BRCA1/2 mutaƟon carriers ǁho 
eǆhibit symƉtoms oĨ demoraliǌaƟon͘ 
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,ighly demoraliǌed Ɖersons could beneĮt Ĩrom sƉecialist suƉƉort͘ Diīerent styles oĨ 
ƉsychotheraƉy may useĨully address sƉeciĮc Ɖroblems in a demoraliǌed ƉaƟent, including 
brieĨ bed-side theraƉy and meaning-centered ƉsychotheraƉy͘ 3ϳ,38,61 ^trong suƉƉort is 
Ɖrovided Ĩor the eĸcacy oĨ meaning-centered ƉsychotheraƉy Ĩor hoƉelessness, as a 
hallmark oĨ demoraliǌaƟon, in advanced cancer ƉaƟents͘61-63 We are ǁaiƟng Ĩor results oĨ 
a randomiǌed controlled trial started on this conceƉt in cancer survivors͘64 &urthermore, 
diīerenƟaƟon betǁeen deƉression and demoraliǌaƟon is relevant in the treatment 
seƫng65-6ϳ: anƟdeƉressant medicaƟon helƉs ƉaƟents ǁho have deƉressionͬmelancholia but 
by itselĨ does liƩle to relieve demoraliǌaƟon, ǁhile ƉsychotheraƉy is helƉĨul in demoraliǌed 
ƉaƟents, but has limited eīects Ĩor ƉaƟents ǁho have entrenched anhedonia͘38
YualitaƟve research could be useĨul to eǆƉlore in-deƉth the eǆƉeriences oĨ BRCA1/2 
mutaƟon carriers ǁith demoraliǌaƟon͘ &urther longitudinal research could Ɖrovide insight in 
the natural trajectory oĨ demoraliǌaƟon in BRCA1/2 mutaƟon carriers and its relaƟon to the 
sƉeciĮc events allied to being a BRCA1/2 mutaƟon carrier͘  
To our knoǁledge, ǁe are the Įrst to describe the conceƉt oĨ demoraliǌaƟon in 
ooƉhorectomiǌed BRCA1/2 mutaƟon carriers͘ The large samƉle siǌe is a strength oĨ our study͘  
ImƉortant limitaƟons oĨ our study are the cross-secƟonal design, and the lack oĨ controls͘ 
The Ɖresence oĨ demoraliǌaƟon ǁill change over Ɵme͖ hoǁever, our study gives no insight 
into this͘ UnĨortunately, ǁe did not measure deƉression ǁith a validated deƉression scale to 
eǆƉlore its comorbidity ǁith or diīerenƟaƟon Ĩrom demoraliǌaƟon, ǁhich should be assessed 
in Ĩurther research͘ 
In conclusion, demoraliǌaƟon is loǁ in ooƉhorectomiǌed BRCA1/2 mutaƟon carriers͖ although 
a substanƟal minority has clinically relevant levels oĨ demoraliǌaƟon͘ DemoraliǌaƟon is 
highly associated ǁith loǁer Ƌuality oĨ liĨe, and higher anǆiety͘  DetecƟng demoraliǌaƟon in 
BRCA1/2 mutaƟon carriers could be useĨul because these ǁomen Ĩace diīerent stressĨul 
circumstances related to being a BRCA1/2 mutaƟon carrier, ƉotenƟally arousing eǆistenƟal 
distress͘ IdenƟĨying highly demoraliǌed BRCA1/2 mutaƟon carriers gives the oƉƉortunity to 
oīer aƉƉroƉriate treatment to contribute to a beƩer Ƌuality oĨ liĨe͘  
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KďũĞĐƟǀĞ
To reduce ovarian cancer risk, BRCA1/2 mutaƟon carriers are advised to undergo risk-
reducing salƉingo-ooƉhorectomy ;RR^KͿ around the age oĨ 40 years͘ This may induce severe 
climacteric symƉtoms, ƉotenƟally loǁering their Ƌuality oĨ liĨe͘ Personal ƉosiƟve resources 
such as Ɖhysical Įtness and selĨ-comƉassion may helƉ ǁomen to deal ǁith these symƉtoms͘ 
We invesƟgated the associaƟon oĨ climacteric symƉtoms ǁith selĨ-comƉassion and Ɖhysical 
Įtness in ooƉhorectomiǌed BRCA1/2 mutaƟon carriers͘ 
DĞƚŚŽĚƐ
A cross-secƟonal study ǁas conducted in 165 BRCA1/2 mutaƟon carriers, aged 40–63 years, 
ǁho underǁent an RR^K at age 45 years or younger and at least Įve years Ɖreviously͘  Main 
outcome measures: Climacteric symƉtoms ǁere measured by the Greene Climacteric ^cale͘ 
^elĨ-comƉassion ǁas rated using the ^elĨ-ComƉassion ^cale–^hort &orm, and Ɖhysical Įtness 
using the Duke AcƟvity ^tatus Indeǆ͘
ZĞƐƵůƚƐ 
BRCA1/2 mutaƟon carriers reƉorted loǁ levels oĨ climacteric symƉtoms ;mean 10͘28 ΀^D 
6͘45΁Ϳ, and being highly selĨ-comƉassionate and Ɖhysically Įt͘ AŌer adjustment oĨ Ɖossible 
covariates, higher selĨ-comƉassion ;ɴ с –1͘65, ϵ5й CI –2͘46, –0͘84Ϳ and Ɖhysical Įtness ;ɴ 
с –0͘25, ϵ5й CI –0͘34, –0͘16Ϳ ǁere associated ǁith Ĩeǁer climacteric symƉtoms͘ Current 
smoking ǁas indeƉendently associated ǁith more climacteric symƉtoms ;ɴ с 2͘66, ϵ5й CI 
0͘26, 5͘0ϳͿ͘   
ŽŶĐůƵƐŝŽŶ 
eing selĨ-comƉassionate and Ɖhysically Įt ǁere associated ǁith Ĩeǁer climacteric symƉtoms͘ 
&uture research is needed to invesƟgate the eīect oĨ training in selĨ-comƉassion and Ɖhysical 
Įtness on climacteric symƉtoms in BRCA1/2 mutaƟon carriers͘ 
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Women ǁith germline BRCA1/2 mutaƟons have a high risk oĨ develoƉing breast and ovarian 
cancer͘  The liĨeƟme risk Ĩor ovarian cancer in BRCA1 mutaƟon carriers is 3ϵй ;ϵ5й conĮdence 
interval ΀CI΁ 34–44Ϳ and Ĩor BRCA2 mutaƟon carriers 16й ;ϵ5й CI 12–20Ϳ͘1 ThereĨore, a risk-
reducing salƉingo-ooƉhorectomy ;RR^KͿ is recommended to all BRCA1/2 mutaƟon carriers 
around the age oĨ 40 years, reducing the ovarian cancer risk by more than 80й͘2
RR^K in Ɖre-menoƉausal ǁomen immediately induces menoƉause, ǁhich, to a diīerent 
eǆtent, may lead to vasomotor symƉtoms ;VM^Ϳ ;hot Ňushes and night sǁeatsͿ, seǆual 
dysĨuncƟon and other Ɖhysical and Ɖsychological comƉlaints͘3-5 ,ormone reƉlacement 
theraƉy ;,RTͿ has a ƉosiƟve eīect on surgically induced VM^, but may not Ĩully alleviate 
all symƉtoms, esƉecially not seǆual dysĨuncƟon͘3 &urthermore, ,RT is contraindicated in 
BRCA1/2 mutaƟon carriers ǁith Ɖrior breast cancer͘ 6  
,ence, BRCA1/2 mutaƟon carriers could beneĮt Ĩrom other intervenƟons ǁith ƉotenƟal Ĩor 
reducing climacteric symƉtoms͘ arlier research on the imƉact oĨ VM^ on daily liĨe ĨuncƟoning 
shoǁed a Ɖossible ƉosiƟve eīect oĨ selĨ-comƉassion͘ϳ ^elĨ-comƉassion, as described by 
Neī8,ϵ, involves being oƉen to and moved by one s͛ oǁn suīering, and being kind to oneselĨ 
ǁhen dealing ǁith diĸcult eǆƉeriences͘ ^elĨ-comƉassion entails three basic comƉonents: 
selĨ-kindness, common humanity and mindĨulness͘ ^elĨ-kindness is deĮned as being kind and 
understanding, rather than judgemental or criƟcal toǁard the selĨ͘  The sense oĨ common 
humanity involves recogniǌing that all ƉeoƉle make mistakes and are challenged ǁith serious 
liĨe stressors, ǁhich leads to seeing one s͛ eǆƉeriences as Ɖart oĨ the greater human eǆƉerience, 
rather than as seƉaraƟng and isolated͘ MindĨulness in the conteǆt oĨ selĨ-comƉassion entails 
being aǁare oĨ one s͛ ƉainĨul thoughts and Ĩeelings in balanced aǁareness, rather than over-
idenƟĨying ǁith them͘8 eing selĨ-comƉassionate yields beneĮt Ĩor individuals͛ ǁell-being and 
is vieǁed as a ƉrotecƟve Ĩactor Ĩor ƉsychoƉathology, in ƉarƟcular anǆiety and deƉression͘10,11 
Kne oĨ the Ɖromising intervenƟons is a MindĨul ^elĨ-ComƉassion ;M^CͿ Ɖrogramme, an 
eight-ǁeek training Ɖrogramme designed to culƟvate selĨ-comƉassion͖ this aƉƉeared to be 
eīecƟve at enhancing selĨ-comƉassion and ǁell-being͘12 
Another ǁay to diminish the burden oĨ climacteric symƉtoms may be enhancing Ɖhysical 
Įtness͘ Physical ;or cardio-resƉiratoryͿ Įtness can be modiĮed by Ɖhysical acƟvity, and it is 
generally associated ǁith beƩer health outcomes͘13 The eīect oĨ Ɖhysical acƟvity on climacteric 
symƉtoms is studied eǆtensively ǁith Ɖredominately ƉosiƟve eīects on Ɖsychological and 
somaƟc symƉtoms, and inconsistent results on VM^ and seǆual symƉtoms͘14 There have 
been Ĩeǁer studies relaƟng to Ɖhysical Įtness and climacteric symƉtoms͖ hoǁever, increasing 
Įtness aƉƉears to decrease climacteric symƉtoms, and it is associated ǁith beƩer Ƌuality oĨ 
liĨe in early ƉostmenoƉausal ǁomen͘15,16
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In ƉarƟcular, BRCA1/2 mutaƟon carriers ǁith Ɖrior breast cancer or being reluctant to 
use ,RT can ƉroĮt Ĩrom non-hormonal treatment, such as selĨ-comƉassion training or 
enhancing Ɖhysical Įtness͘ The aim oĨ this study is to invesƟgate our hyƉothesis that higher 
selĨ-comƉassion and Ɖhysical Įtness are associated ǁith Ĩeǁer climacteric symƉtoms in 
ooƉhorectomiǌed BRCA1/2 mutaƟon carriers, and to eǆƉlore ǁhich domains oĨ climacteric 
symƉtoms are associated ǁith selĨ-comƉassion and Ɖhysical Įtness͘ 
Dd,KS
WĂƌƟĐŝƉĂŶƚƐĂŶĚƉƌŽĐĞĚƵƌĞ
A cross-secƟonal study using selĨ-reƉort ƋuesƟonnaires ǁas ƉerĨormed at the Radboud 
university medical center ;RadboudumcͿ, Nijmegen, the Netherlands betǁeen June and 
November 2015, as being Ɖart oĨ a study on cardiovascular risk assessment in BRCA1/2 
mutaƟon carriers ;not Ɖublished yetͿ͘ All BRCA1/2 mutaƟon carriers knoǁn by the DeƉartment 
oĨ ,uman GeneƟcs andͬor the DeƉartment oĨ Kbstetrics and Gynecology ǁere eligible to 
ƉarƟciƉate iĨ an RR^K ǁas ƉerĨormed at age 45 years or younger and at least Įve years ago͘ 
In total, 268 BRCA1/2 mutaƟon carriers ǁere invited by leƩer suƉƉlemented ǁith detailed 
inĨormaƟon about the study and inĨormed consent Ĩorms͘ AŌer receiving ǁriƩen inĨormed 
consent, a Ɖersonal link to a digital ƋuesƟonnaire ǁas sent by email͘ Previous ovarian cancer 
or current treatment Ĩor metastaƟc breast cancer ǁere eǆclusion criteria͘ The study ǁas 
aƉƉroved by the Medical thics CommiƩee oĨ the Radboudumc ;CMK: 2014-1430Ϳ͘ 
DĞĂƐƵƌĞƐ
eŵoŐrapŚŝc anĚ clŝnŝcal ŝnforŵaƟon 
DemograƉhic inĨormaƟon included age, Ɖarity, marital stage and the highest level oĨ 
educaƟon͘ Clinical inĨormaƟon contained tyƉe oĨ BRCA mutaƟon, age at RR^K, Ɵme since 
RR^K, current use oĨ ,RT, body mass indeǆ ;MIͿ, current smoking status, Ɖrior breast cancer 
and use oĨ anƟdeƉressant͘ 
Clŝŵacterŝc ƐǇŵptoŵƐ 
The Greene Climacteric ^cale ;GC^Ϳ1ϳ,18 is a selĨ-reƉort measure Ĩor climacteric symƉtoms 
containing 21 items divided into Ĩour subscales͘ The subscales are Ɖsychological symƉtoms, 
subdivided into anǆiety ;6 itemsͿ and deƉression ;5 itemsͿ, somaƟc symƉtoms ;ϳ itemsͿ, VM^ 
;2 itemsͿ and seǆual interest ;1 itemͿ͘ ach symƉtom is rated on a Ĩour-Ɖoint >ikert scale 
betǁeen 0 ;not at allͿ and 3 ;eǆtremelyͿ͘ The total score is the sum oĨ all 21 scores ranging 
Ĩrom 0 to 63͘ A higher score corresƉonds ǁith more burden oĨ climacteric symƉtoms͘ Internal 
consistency oĨ the scale ǁas evidenced in a Cronbach s͛ ɲ oĨ 0͘85, and shoǁed good construct 
validity͘ 1ϳ In the Ɖresent study, the Cronbach s͛ ɲ ǁas also 0͘85͘ 
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^elf-coŵpaƐƐŝon 
^elĨ-comƉassion ǁas determined ǁith the Dutch version oĨ ^elĨ-ComƉassion ^cale–^hort 
&orm ;^C^-^&Ϳϵ,1ϵ͘ It is a selĨ-reƉorted 12-item scale measuring siǆ Ĩacets oĨ selĨ-comƉassion: 
selĨ-kindness versus selĨ-judgement, common humanity versus isolaƟon and mindĨulness 
versus over-idenƟĮcaƟon͘ ParƟciƉants indicated agreement to statements on a seven-Ɖoint 
>ikert scale ranging Ĩrom 1 ;almost neverͿ to ϳ ;almost alǁaysͿ͘ Note that the Dutch version 
oĨ the ^C^-^& diīers Ĩrom the nglish version, ǁhich uses a Įve-Ɖoint >ikert scale͘ AŌer 
reverse-scoring items on selĨ-judgement, isolaƟon and over-idenƟĮcaƟon, a mean total selĨ-
comƉassion score ǁas comƉuted, ǁhere higher scores indicate more selĨ-comƉassion ;range 
1–ϳͿ͘ No validated cut-oīs are available yet͖ hoǁever, Neī suggested on her ǁebsite ;hƩƉ:ͬͬ
selĨ-comƉassion͘orgͿ the Ĩolloǁing interƉretaƟon oĨ the total score based on a Įve-Ɖoint 
>ikert scale:  loǁ ;ф 2͘5Ϳ, moderate ;2͘5–3͘5Ϳ, and high ;> 3͘5Ϳ selĨ-comƉassion͘ To convert this 
interƉretaƟon to our Dutch validated seven-Ɖoint >ikert scale, ǁe used the Ĩormula y с ;1͘5 * 
ǆͿ – 0͘5͖ a score oĨ ф 3͘25 indicates loǁ selĨ-comƉassion, 3͘25–4͘ϳ5 indicates moderate selĨ-
comƉassion and > 4͘ϳ5 indicates high selĨ-comƉassion͘ The ^C^-^& demonstrated adeƋuate 
internal consistency ;Cronbach s͛ ɲ ш 0͘86Ϳ and a near-ƉerĨect correlaƟon ǁith the 26-item 
long-Ĩorm ^C^ ;r ш 0͘ϵϳͿ͘1ϵ In this study, the Cronbach s͛ ɲ ǁas 0͘88͘
WŚǇƐŝcal ĮtneƐƐ 
The Duke AcƟvity ^tatus Indeǆ ;DA^IͿ20 is a selĨ-assessment tool to eǆamine Ɖhysical Įtness, 
ǁhich includes 12 acƟviƟes reƉresentaƟve oĨ major asƉects oĨ Ɖhysical ĨuncƟon ;Ɖersonal 
care, ambulaƟon, household tasks, seǆual ĨuncƟon and recreaƟonal acƟviƟesͿ͘ It ǁas 
develoƉed to Ɖredict an individual s͛ maǆimal eǆercise caƉacity͘  A score is calculated based on 
ǁeighted ansǁers Ĩrom 12 ƋuesƟons related to daily acƟviƟes oĨ living, Ĩor ǁhich each item is 
ǁeighted by its knoǁn metabolic cost, and ǁeights oĨ ƉosiƟve terms are summed to Ĩorm the 
individual ƉaƟent DA^I score͘ The Ɖossible scores range Ĩrom 0 ;ǁorstͿ to 58͘2 ;bestͿ͘ DA^I 
scores correlate ǁell ǁith Ɖeak oǆygen uƉtake͘20 
ĂƚĂĂŶĂůǇƐŝƐ
YuesƟonnaires ǁere scored using the above-menƟoned standard scoring methods͘ 
Categorical data ǁere Ɖresented as ĨreƋuencies ;ƉercentagesͿ, and conƟnuous variables as 
mean ;standard deviaƟon ΀^D΁Ϳ or median ;Įrst ƋuarƟle ΀Y1΁ – third ƋuarƟle ΀Y3΁͘ A linear 
regression analysis ǁas ƉerĨormed to assess the associaƟon oĨ climacteric symƉtoms ǁith 
selĨ-comƉassion and Ɖhysical Įtness͘ PotenƟal covariates ǁere tested in univariate analysis, 
including socio-demograƉhics ;age, marital status, educaƟon level, having childrenͿ, BRCA-
related variables ;sort oĨ BRCA mutaƟon, age at RR^K, Ɵme since RR^K, Ɖrior breast cancerͿ, 
and Ɖhysical and Ɖsychological variables ;current ,RT use, use oĨ anƟdeƉressant, MI, current 
smoking statusͿ͘ The variables Ĩound to be signiĮcant ǁith p-value ф 0͘1 in the univariate 
analysis ǁere included in a mulƟvariable linear regression model͘ To eǆƉlore the correlaƟons 
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oĨ the GC^ subscales ǁith selĨ-comƉassion and Ɖhysical Įtness, ^Ɖearman correlaƟons ǁere 
used͘ All data ǁere analysed using the ^taƟsƟcal Package Ĩor the ^ocial ^ciences soŌǁare 
version 22͘0 ;^P^^ Inc͘, Chicago, I>Ϳ͘ A p-value ф 0͘05 ǁas considered staƟsƟcally signiĮcant͘ 
ZSU>dS
A total oĨ 165 BRCA1/2 mutaƟon carriers ;resƉonse rate oĨ 62йͿ, aged 40–63 years, agreed 
to ƉarƟciƉate and gave inĨormed consent͘ DemograƉhic and clinical characterisƟcs oĨ all 165 
ƉarƟciƉants are disƉlayed in Table 1͘ 
KĨ these ƉarƟciƉants, all but three ǁere Caucasians͘ Time since RR^K ranges Ĩrom 5 to 24 
years, and the age at RR^K ranges Ĩrom 30 to 45 years͘ KĨ the 111 BRCA1/2 mutaƟon carriers 
;6ϳ͘3йͿ ǁithout breast cancer, 82 ;ϳ3͘ϵйͿ had ever used ,RT, Ĩor a mean duraƟon oĨ 6͘6 years 
;^D 4͘1Ϳ͖33 ǁomen ;2ϵ͘8йͿ ǁere current users͘ The mean MI ǁas 25͘3 kgͬm2͖ according to 
the W,K classiĮcaƟon, 2ϳй ǁere overǁeight and 16й ǁere obese͘
The mean total score on GC^ ǁas 10͘28 ;^D 6͘45Ϳ͘ The most ĨreƋuently cited moderate to 
severe symƉtoms on the GC^ ǁere loss oĨ seǆual interest ;30йͿ, night sǁeats ;18йͿ, muscle 
and joint Ɖains ;16йͿ, hot Ňushes ;15йͿ and diĸculty sleeƉing ;15йͿ͘ The mean score on selĨ-
comƉassion ǁas 5͘08 ;^D 1͘04Ϳ͘ 104 BRCA1/2 mutaƟon carriers ;63йͿ reƉorted high levels 
oĨ selĨ-comƉassion ;> 4͘ϳ5Ϳ͖ only eight ǁomen ;5йͿ indicate a loǁ level oĨ selĨ-comƉassion 
;ф 3͘25Ϳ͘ &iŌy Ɖercent oĨ all ƉarƟciƉants had a maǆimal level oĨ Ɖhysical Įtness ;DA^I score oĨ 
58͘2Ϳ͘ Table 2 Ɖresents the unadjusted and adjusted regression analysis oĨ the GC^ total score 
in ooƉhorectomiǌed BRCA1/2 mutaƟon carriers͘ 
 
In the univariate analysis, higher selĨ-comƉassion and Ɖhysical Įtness ǁere associated ǁith 
Ĩeǁer climacteric symƉtoms͘ KĨ the ƉotenƟal covariates, higher age at RR^K, the use oĨ 
anƟdeƉressant, and current smoking ǁere associated signiĮcantly ǁith more climacteric 
symƉtoms, ǁhereas higher educaƟon and being married or living together ǁere associated 
ǁith Ĩeǁer climacteric symƉtoms͘ In the mulƟvariate analysis, a negaƟve associaƟon oĨ 
Ɖhysical Įtness and selĨ-comƉassion ǁith climacteric symƉtoms remained ;Table 2Ϳ͘ Current 
smoking ǁas associated ǁith more climacteric symƉtoms, and the use oĨ anƟdeƉressants 
shoǁed a trend toǁard more symƉtoms ;p с 0͘06Ϳ͘ The total variance oĨ the total GC^ 
eǆƉlained by this model ǁas 40й͘ 
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dĂďůĞ1 DescriƉƟve characterisƟcs oĨ study ƉoƉulaƟon ;n с 165Ϳ
sĂƌŝĂďůĞ sĂůƵĞ͕Ŷ;йͿ
Age ;yearsͿ, mean ;^DͿ 4ϵ͘6 ;4͘5Ϳ
Married or living together
   No 23 ;13͘ϵͿ
   zes 142 ;86͘1Ϳ
ducaƟon
   >oǁ 43 ;26͘1Ϳ
   Intermediate ϳ3 ;44͘2Ϳ
   ,igh 4ϵ ;2ϵ͘ϳͿ
,aving children
   No 23 ;13͘ϵͿ
   zes 142 ;86͘1Ϳ
BRCA mutaƟon
   BRCA1 112 ;6ϳ͘ϵͿ
   BRCA2 51 ;30͘ϵͿ
   BRCA1 and BRCA2 2 ;1͘2Ϳ
Age at RR^K ;yearsͿ, mean ;^DͿ 3ϵ͘8 ;3͘3Ϳ
Time since RR^K ;yearsͿ, mean ;^DͿ ϵ͘ϵ ;3͘ϳͿ
Current hormone reƉlacement theraƉy
   No 132 ;80͘0Ϳ
   zes 33 ;20͘0Ϳ
Prior breast cancer
   No 111 ;6ϳ͘3Ϳ
   zes 54 ;32͘ϳͿ
Current anƟdeƉressant use
   No 151 ;ϵ1͘5Ϳ
   zes 14 ;8͘5Ϳ
ody mass indeǆ ;kgͬm2Ϳ, mean ;^DͿ 25͘3 ;4͘5Ϳ
Current smoking
   No 143 ;86͘ϳͿ
   zes 22 ;13͘3Ϳ
Total score on Greene Climacteric ^cale, mean ;^DͿ 10͘28 ;6͘45Ϳ
^elĨ-comƉassion, mean ;^DͿ 5͘08 ;1͘04Ϳ
Physical Įtness, median ;Y1–Y3Ϳ 58͘2 ;50͘2–58͘2Ϳ
RR^K, risk-reducing salƉingo-ooƉhorectomy͘
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dĂďůĞ2 Unadjusted and adjusted regression analysis Ĩor total score oĨ Greene Climacteric ^cale in ooƉhorectomiǌed 
BRCA1/2 mutaƟon carriers
sĂƌŝĂďůĞƐ UŶĂĚũƵƐƚĞĚ AĚũƵƐƚĞĚΎ
ɴ;9ϱй/Ϳ p-ǀĂůƵĞ ɴ;9ϱй/Ϳ p-ǀĂůƵĞ
^elĨ-comƉassion –2͘30 ;–3͘1ϵ, –1͘41Ϳ ф0͘01 –1͘65 ;–2͘46, –0͘84Ϳ ф0͘01
Physical Įtness –0͘35 ;–0͘44, –0͘26Ϳ ф0͘01 –0͘25 ;–0͘34, –0͘16Ϳ ф0͘01
Age, years 0͘06 ; –0͘16, 0͘28Ϳ 0͘61
Age at RR^K, years 0͘3ϵ ;0͘0ϵ, 0͘6ϵͿ 0͘01 0͘21 ;–0͘04, 0͘45Ϳ 0͘10
AnƟdeƉressant use ;yesͬnoͿ ϳ͘03 ;3͘63, 10͘43Ϳ ф0͘01 2͘82 ;–0͘16, 5͘80Ϳ 0͘06
ody mass indeǆ, kgͬm2 0͘03 ; –0͘1ϵ, 0͘26Ϳ 0͘ϳ8
Current ,RT use ;yesͬnoͿ –0͘ϳ4 ;–3͘22, 1͘ϳ5Ϳ 0͘56
Current smoking ;yesͬnoͿ 4͘23 ;1͘38, ϳ͘0ϵͿ ф0͘01 2͘66 ;0͘26, 5͘0ϳͿ 0͘03
,aving children ;yesͬnoͿ –1͘ϵ4 ;–4͘80, 0͘ϵ2Ϳ 0͘18
,igher educaƟon ;yesͬnoͿ –3͘28 ;–5͘40, –1͘16Ϳ ф0͘01 –1͘10 ;–2͘8ϵ, 0͘6ϵͿ 0͘23
Marriedͬliving together ;yesͬnoͿ –3͘31 ;–6͘13, –0͘48Ϳ 0͘02 –0͘63 ;–3͘03, 1͘ϳϳͿ 0͘60
MutaƟon ;BRCA1ͬBRCA2Ϳ –0͘33 ;–2͘48, 1͘83Ϳ 0͘ϳ6
Prior breast cancer ;yesͬnoͿ –0͘3ϳ ;–2͘4ϵ, 1͘ϳ5Ϳ 0͘ϳ3
Time since RR^K, years –0͘22 ;–0͘4ϵ, 0͘05Ϳ 0͘11
Values reƉresent ɴ coeĸcients ;ϵ5й CIͿ oĨ linear regression analyses͘ &or dichotomous variables, the ɴ coeĸcient 
reƉresents the mean diīerence in GC^ total score betǁeen the tǁo categories͘ &or conƟnues variables, the ɴ 
coeĸcient reƉresents the mean increment in GC^ total score Ĩor every one eǆtra unit͘ *R2 с 0͘40͘ CI, conĮdence 
interval͖ RR^K, risk-reducing salƉingo-ooƉhorectomy͖ ,RT, hormone reƉlacement theraƉy͘
CorrelaƟons oĨ the subscales oĨ the GC^ ǁith selĨ-comƉassion and Ɖhysical Įtness are shoǁn 
in Table 3͘ More Ɖsychological symƉtoms on the GC^ ǁere most strongly associated ǁith 
loǁer selĨ-comƉassion ;r с –0͘45Ϳ͘ oth higher levels oĨ Ɖsychological and somaƟc symƉtoms 
ǁere associated ǁith less Ɖhysical Įtness ;r с –0͘38 and r с –0͘40, resƉecƟvelyͿ͘ 
/SUSS/KN
In this study, ooƉhorectomiǌed BRCA1/2 mutaƟon carriers are highly comƉassionate toǁards 
themselves, and eǆƉerience Ĩeǁ climacteric symƉtoms Įve years or more aŌer RR^K͘ We 
conĮrmed our hyƉothesis that higher selĨ-comƉassion and Ɖhysical Įtness are associated 
ǁith Ĩeǁer climacteric symƉtoms, shoǁing ƉarƟcular associaƟons ǁith Ɖsychological and 
somaƟc symƉtoms͘ In our samƉle, reƉorted climacteric symƉtoms ǁere consistently and 
signiĮcantly loǁer than the normaƟve data Ĩrom Ɖost-menoƉausal ǁomen in the Dutch 
ƉoƉulaƟon, eǆceƉt Ĩor a comƉarable score on item ͞loss oĨ interest in seǆ͘͟ 18 In 33 ǁomen 
516584-L-sub01-bw-deJong
Processed on: 26-1-2018 PDF page: 117
C>/DACTER/C ^zDPTKD^͕ ^E>&ͳCKDPA^^/KE AE PHz^/CA> &/TEE^^ A&TER RR^K
7
11ϳ
dĂďůĞϯ CorrelaƟons oĨ total and subscales oĨ Greene Climacteric ^cale ǁith selĨ-comƉassion and Ɖhysical Įtness
DĞĂŶ;SͿ SĞůĨ-ĐŽŵƉĂƐƐŝŽŶ WŚǇƐŝĐĂůĮƚŶĞƐƐ
'reene Clŝŵacterŝc ^cale
    Total score 10͘28 ;6͘45Ϳ –0͘34** –0͘42**
    Psychological subscale 4͘84 ;3͘ϳ5Ϳ –0͘45** –0͘38**
    ^omaƟc subscale 2͘68 ;2͘36Ϳ –0͘23** –0͘40**
    Vasomotor subscale 1͘64 ;1͘5ϳͿ –0͘03 –0͘11
    ^eǆual subscale 1͘13 ;0͘8ϵͿ –0͘04 –0͘1ϳ*
^elĨ-comƉassion 5͘08 ;1͘04Ϳ 0͘23*
Data are Ɖresented as ^Ɖearman s͛ correlaƟons coeĸcient, unless otherǁise indicated͘ * p ф 0͘05͖ ** p ф 0͘01͘
ǁith high risk Ĩor ovarian cancer ǁho underǁent RR^K aƉƉroǆimately siǆ years ago and not using 
,RT, signiĮcantly higher levels oĨ climacteric symƉtoms ǁere Ĩound comƉared ǁith our study 
grouƉ, eǆceƉt Ĩor comƉarable scores on somaƟc symƉtoms͘5 The inŇuence oĨ ,RT use may 
Ɖartly eǆƉlain a diīerence, because ǁe included both non-,RT users and ,RT users͘ Another 
eǆƉlanaƟon may be that the Ɵme since RR^K in our samƉle ǁas slightly longer͖ hoǁever, ǁe 
Ĩound no relaƟon betǁeen climacteric symƉtoms and Ɵme since RR^K͘ Kn the other hand, the 
loǁer levels oĨ climacteric symƉtoms, esƉecially on the Ɖsychological and somaƟc subscales, 
may suggest a healthier grouƉ oĨ ǁomen regarding Ɖsychological and Ɖhysical ǁell-being͘ 
BRCA1/2 mutaƟon carriers reƉorted relaƟvely high levels oĨ selĨ-comƉassion in comƉarison 
ǁith reƉorted selĨ-comƉassion in the general and selected ƉoƉulaƟons͘ϳ,12,1ϵ,21 Making direct 
comƉarisons using diīerent selĨ-comƉassion scales ;long-Ĩorm versus short-ĨormͿ ǁith 
diīerent >ikert scales in various ƉoƉulaƟons ǁith diīerent ages, gender and background is 
diĸcult, and this may have contributed to the diīerences in outcomes͘ ^Ɵll, our results on 
selĨ-comƉassion are consistently higher than those reƉorted in earlier studies͘ 
A Ɖossible eǆƉlanaƟon Ĩor highly selĨ-comƉassionate BRCA1/2 mutaƟon carriers may be the 
eǆƉosure to earlier major liĨe stressors related to their BRCA1/2 mutaƟon, such as Ɖersonal or 
Ĩamily history oĨ breastͬovarian cancer͘  >iĨe disruƉƟon and aǁareness oĨ a threat to mortality 
may, on the one hand, induce distress or, on the other hand, catalyǌe ƉosiƟve liĨe changes͘22 
PosiƟve Ɖsychological change eǆƉerienced as a result oĨ struggle ǁith highly challenging liĨe 
circumstances is deĮned as Ɖost-traumaƟc groǁth͘22 A systemaƟc revieǁ describes that the 
majority oĨ breast cancer survivors eǆƉerience Ɖost-traumaƟc groǁth͘23 Recently, the role oĨ 
selĨ-comƉassion in Ɖost-traumaƟc groǁth ǁas studied in college students͖ this study Ĩound 
that selĨ-comƉassion ǁas signiĮcantly associated ǁith higher levels oĨ ƉosƩraumaƟc groǁth, 
being mediated by ƉosiƟve reĨraming and Ɖresence oĨ meaning in liĨe͘24 &urther research on 
these conceƉts is needed͘
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,igher selĨ-comƉassion ǁas associated ǁith Ĩeǁer climacteric symƉtoms in our study grouƉ͘ 
A recent cross-secƟonal study among 206 middle-aged ǁomen eǆƉeriencing VM^ Ĩound that 
higher selĨ-comƉassion ǁas associated ǁith ǁeaker eīects oĨ VM^ on daily liĨe ĨuncƟoning 
and Ĩeǁer deƉressive symƉtoms͘ϳ We Ĩound no sƉeciĮc correlaƟon betǁeen VM^ and selĨ-
comƉassion͖ hoǁever, Ĩar Ĩeǁer VM^ ǁere reƉorted in our study͘  Well-being aŌer menoƉause 
seems broader than the Ɖresence and severity oĨ VM^͘ The GC^, used in our study, includes, 
besides VM^, three other domains oĨ climacteric symƉtoms, ǁhich ƉotenƟally beƩer reŇects 
the menoƉause-related Ƌuality oĨ liĨe in BRCA1/2 mutaƟon carriers͘ &ocusing on the diīerent 
subscales oĨ the GC^, being more selĨ-comƉassionate ǁas mostly associated ǁith Ĩeǁer 
Ɖsychological symƉtoms, ǁhich seems consistent ǁith linkage oĨ higher selĨ-comƉassion ǁith 
Ĩeǁer mental health symƉtoms͘10 eyond Ɖsychological eīect, it is also suggested that selĨ-
comƉassion may have ƉosiƟve metabolic and biological eīects͘25,26  
Kur results shoǁed also that higher Ɖhysical Įtness ǁas associated ǁith Ĩeǁer climacteric 
symƉtoms͘ It seems in accordance ǁith literature suggesƟng that eǆercise may helƉ to reduce 
climacteric symƉtoms14, ǁith the assumƉƟon that eǆercise increases Ɖhysical Įtness͘ oth 
Ɖsychological and somaƟc symƉtoms ǁere associated ǁith less Ɖhysical Įtness in our study͖ 
others Ĩound that Ɖhysical Įtness has an imƉortant associaƟon ǁith mental comƉonents oĨ 
Ƌuality oĨ liĨe͘15 &urthermore, regular eǆercise ǁas related to Ĩeǁer Ɖsychological and somaƟc 
symƉtoms on the GC^͘2ϳ Kverall, our model only eǆƉlained 40й oĨ the variance oĨ the total 
GC^ score, leaving other valuable Ĩactors contribuƟng to climacteric symƉtoms͘ ,oǁever, our 
results suggest that ƉromoƟng both Ɖhysical and Ɖsychological ǁell-being through training 
selĨ-comƉassion and Ɖhysical Įtness may contribute to imƉroving climacteric symƉtoms͘ 
The eīect oĨ mindĨul selĨ-comƉassion training on climacteric symƉtoms in ooƉhorectomiǌed 
BRCA1/2 mutaƟon carriers should be a subject oĨ Ĩurther ƉrosƉecƟve research͘ MindĨulness 
and yoga, as conƟguous conceƉts oĨ selĨ-comƉassion, shoǁed a ƉosiƟve eīect oĨ these training 
Ɖrogrammes on VM^͘28,2ϵ Currently, a Dutch randomiǌed controlled trial is invesƟgaƟng the 
eīect oĨ a mindĨulness-based stress-reducƟon training Ɖrogramme on menoƉause-sƉeciĮc 
Ƌuality oĨ liĨe in ooƉhorectomiǌed BRCA1/2 mutaƟon carriers ;NCT023ϳ2864Ϳ͘ 
A main limitaƟon oĨ our study is the cross-secƟonal design, meaning that direcƟons oĨ 
causality could not be conĮrmed͘ Another limitaƟon is that ƉarƟciƉants ǁere invesƟgated at 
least Įve years aŌer RR^K, ǁith a median oĨ nine years, ƉotenƟally inŇuencing the reƉorted 
climacteric symƉtoms͘ Recent data reƉorted a median duraƟon oĨ VM^ uƉ to 10 years30,31, 
and, in our study, Ɵme since RR^K did not seem to inŇuence climacteric symƉtoms͘ The Dutch 
and nglish versions oĨ the ^C^-^& are using diīerent >ikert scales, Ɖossibly causing subtle 
diīerences ǁhen comƉaring scores aŌer converƟng͘ &urthermore, ǁe ǁere not inĨormed 
about the Ɖossibility that ƉarƟciƉants had Ĩolloǁed a selĨ-comƉassion training Ɖrogramme͘ 
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ecause oĨ the relaƟvely neǁ conceƉt oĨ M^C training in the Netherlands, ǁe eǆƉect that this 
may have only a small contribuƟon to our results͘ 
In summary, higher selĨ-comƉassion and Ɖhysical Įtness in ooƉhorectomiǌed BRCA1/2 
mutaƟon carriers are associated ǁith Ĩeǁer climacteric symƉtoms͘ This suƉƉorts the idea 
that selĨ-comƉassion and Ɖhysical Įtness may be a Ɖossible Ĩactor to manage climacteric 
symƉtoms in BRCA1/2 mutaƟon carriers, ǁhich may be a ǁelcome addiƟonal treatment 
oƉƟon ǁhen ,RT is undesired or contraindicated͘ &urther ƉrosƉecƟve research is needed 
to eǆamine the eīect oĨ training selĨ-comƉassion and Ɖhysical Įtness in BRCA1/2 mutaƟon 
carriers suīering Ĩrom climacteric symƉtoms aŌer RR^K͘
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BRCA1/2 mutaƟon carriers have an elevated risk oĨ develoƉing breast and ovarian cancer at 
a relaƟvely young age͘ Risk-reducing salƉingo-ooƉhorectomy is an established strategy to 
tremendously reduce the risk oĨ ovarian cancer͘  It is recommended to ƉerĨorm this surgery 
at age 35͵40 years ;BRCA1Ϳ and at age 40͵45 years ;BRCA2Ϳ resulƟng in an early and abruƉt 
menoƉause͘ BRCA1/2 mutaƟon carriers are ƉotenƟally at higher risk oĨ cardiovascular 
diseases due to early surgical menoƉause, and cardiotoǆic eīects oĨ adjuvant treatment Ĩor 
breast cancer͘  &urthermore, Ɖreliminary results oĨ eǆƉerimental studies suggest a Ɖossible 
causaƟve ĨuncƟon oĨ the BRCA genes in cardiovascular risk͘ More research on cardiovascular 
health risks in BRCA1/2 mutaƟon carriers is needed, esƉecially in the Įeld oĨ cardio-oncology, 
reƋuiring addiƟonal aƩenƟon to ƉotenƟally cumulaƟve eīects on cardiovascular risks in this 
sƉeciĮc grouƉ oĨ ǁomen͘  
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,ĞƌĞĚŝƚĂƌǇďƌĞĂƐƚĂŶĚͬŽƌŽǀĂƌŝĂŶĐĂŶĐĞƌ
Ɖithelial ovarian cancer accounts Ĩor only 3й oĨ malignancies in ǁomen but is the ĮŌh most 
common cause oĨ cancer death in Ĩemales͘1 The majority oĨ ǁomen ǁith eƉithelial ovarian 
cancer Ɖresents ǁith an advanced stage oĨ disease leading to Ɖoor Ɖrognosis ǁith Įve-year 
survival rates oĨ 20–60й͘2 More than 10й oĨ all eƉithelial ovarian cancers are inherited in an 
autosomal dominant Ĩashion ǁith variable Ɖenetrance3-6͖ more than ϵ0й oĨ the hereditary 
eƉithelial ovarian cancers are linked to germ line breast cancer ;BRCA1/2Ϳ gene mutaƟons͘ϳ The 
liĨeƟme risk oĨ develoƉing eƉithelial ovarian cancer at age ϳ0 in ǁomen harbouring a BRCA1 
or BRCA2 mutaƟon varies betǁeen 40–60й and 10–20й, resƉecƟvely͘ 8 ^creening Ĩor ovarian 
cancer ǁith ultrasound and measurement oĨ tumour marker Ca125 is highly ineīecƟve͘ϵ,10 
ThereĨore, a risk-reducing salƉingo-ooƉhorectomy ;RR^KͿ is recommended to all BRCA1/2 
mutaƟon carriers at age 35–40 years ;BRCA1Ϳ and at age 40–45 years ;BRCA2Ϳ͘11 This RR^K 
reduces the risk oĨ develoƉing eƉithelial ovarian cancer by 85й and ǁhen ƉerĨormed beĨore 
menoƉause also reduces the risk oĨ breast cancer uƉ to 50й͘11,12 A major adverse eīect oĨ 
RR^K in ƉremenoƉausal ǁomen is an immediate onset oĨ menoƉause ǁith an increase in 
non-cancer related morbidity, such as endocrine, seǆual and cardiovascular symƉtoms, and 
osteoƉorosis͘13 ,ormone reƉlacement theraƉy ;,RTͿ is only suitable Ĩor BRCA1/2 mutaƟon 
carriers ǁithout history oĨ breast cancer, and only alleviates some oĨ the symƉtoms͘
ĂƌĚŝŽǀĂƐĐƵůĂƌƌŝƐŬŝŶǁŽŵĞŶ
In general cardiovascular diseases ;CVDsͿ are the number one cause oĨ death in both men 
and ǁomen͖ more ƉeoƉle die annually Ĩrom CVDs than Ĩrom any other cause͘14 Clinical 
maniĨestaƟons oĨ CVDs, including myocardial inĨarcƟons, heart Ĩailure, strokes and other 
vascular diseases, occur ϳ–10 years later in ǁomen comƉared to men͘ ,oǁever, desƉite 
this maniĨestaƟons oĨ CVD at higher age, other gender-related asƉects oĨ CVD need to be 
Ĩurther elaborated͘ &irstly, clinical ƉresentaƟon and ƉathoƉhysiological mechanisms oĨ CVD 
in ǁomen diīer Ĩrom men, ǁith a disƉroƉorƟonately loǁer inclusion in clinical research͘15 
&urthermore, CVD risk in young and middle-aged ǁomen is oŌen underesƟmated ǁhen 
calculated by relaƟve risk score as the uroƉean ^CKR chart16 or the &ramingham score1ϳ 
based on age, gender, smoking status, liƉid ƉroĮle, systolic blood Ɖressure, diabetes andͬor 
living region͘ ThereĨore, several lines oĨ evidence encourage liĨeƟme risk esƟmaƟon rather 
than solely 10-year mortality risk assessment͘18-21 MulƟƉle risk Ĩactors in young adulthood 
;ф 40 yearsͿ aƉƉear to Ɖromote a greater subclinical atheroscleroƟc burden in ǁomen at 
middle age ;40–50 yearsͿ, but the majority oĨ clinical CVD events do not occur unƟl older 
age ;> 65 yearsͿ͘18 An oƉƟmal risk Ĩactor ƉroĮle at 50 years oĨ age is associated ǁith a loǁ 
remaining liĨeƟme risk Ĩor atheroscleroƟc CVD, otherǁise a loǁ absolute risk oĨ Ĩatal events 
over 10 years may conceal a very high relaƟve risk͘20 Another asƉect is that the aǁareness oĨ 
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CVD among ǁomen in the United ^tates has imƉroved in the Ɖast 15 years, but sƟll remains 
suboƉƟmal ǁith diĸculƟes in adherence to a healthy liĨestyle͘22 Most Ĩemale-sƉeciĮc risk 
Ĩactors related to Ɖregnancy and hormonal status are not yet included in the guidelines Ĩor 
CVD ƉrevenƟon, as their causaƟve imƉact on ǁomen s͛ risk is sƟll not elucidated͘21 CalculaƟon 
oĨ ͚risk age͛ may helƉ in advising the need Ĩor intensive liĨestyle eīorts͘23
The ƉurƉose oĨ the Ɖresent revieǁ is to give an overvieǁ oĨ CVD risk in BRCA1/2 mutaƟon 
carriers ǁith Ĩocus on the conseƋuences oĨ the BRCA mutaƟon itselĨ, Ɖremature surgical 
menoƉause, and risks oĨ cardiovascular side eīects oĨ breast cancer treatment͘ The number 
oĨ studies on long-term cardiovascular eīects in BRCA1/2 mutaƟon carriers are limited 
because BRCA1/2 mutaƟons ǁere discovered only tǁo decades ago͘24-26 ThereĨore, ǁe also 
discuss the CVD risk related to diīerent asƉects oĨ menoƉause in the general ƉoƉulaƟon͘ 
ĂƚĂƌĞƐŽƵƌĐĞƐ
Using the PubMed database ;last date oĨ search 10 December 2013Ϳ, ǁe conducted a 
comƉrehensive literature search oĨ studies related to BRCA1/2 mutaƟons and CVD risk using 
combinaƟons oĨ the Ĩolloǁing terms: RCA1ͬ2 mutaƟon, cardiovascular diseaseͬeventͬrisk, 
;subclinicalͿ atherosclerosis, early menoƉause, surgical menoƉause, menoƉausal transiƟon, 
menoƉausal symƉtoms, ooƉhorectomy, risk-reducing salƉingo-ooƉhorectomy, ĨerƟlity, 
hormone ;reƉlacementͿ theraƉy, breast cancer treatment, cardiotoǆicity, hyƉertensive 
disorders oĨ Ɖregnancy, and ƉreeclamƉsia͘ AddiƟonal ƉaƉers ǁere idenƟĮed using the 
͚related-arƟcles͛ buƩon in PubMed and reĨerence lists oĨ selected arƟcles ǁere scruƟniǌed in 
order to idenƟĨy other relevant arƟcles that had been overlooked in the database research͘ 
DNKWAUSANAZ/KsASU>AZZ/S</N'NZA>
NĂƚƵƌĂůŵĞŶŽƉĂƵƐĞ
MenoƉause is deĮned as the Ɖermanent cessaƟon oĨ menstruaƟon retrosƉecƟvely Įǆed 
aŌer 12 months oĨ amenorrhea reŇecƟng the eǆƉiry oĨ ovarian ĨuncƟon due to a loss oĨ 
ovarian Ĩollicles͘ This results in reduced ovarian ƉroducƟon oĨ estradiol, the most biologically 
acƟve Ĩorm oĨ estrogen, as ǁell as increased circulaƟng concentraƟons oĨ Ĩollicle-sƟmulaƟng 
hormone ;&^,Ϳ and decreased concentraƟons oĨ inhibin, ǁhich inhibits the release oĨ &^,͘2ϳ 
Age at menoƉause may be more sensiƟve to varying rates oĨ atresia oĨ ovarian Ĩollicles than 
to the absolute number oĨ deƉleted oocytes͘28 Vasomotor symƉtoms as night sǁeats and hot 
Ňushes are most tyƉically related to menoƉause͖ hoǁever, an abundance oĨ Ɖsychological, 
seǆual and Ɖhysical comƉlaints in a ǁidely various eǆtent is reƉorted by ǁomen during 
menoƉausal transiƟon͘2ϵ
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Age 
The ǁorldǁide average Ĩor menoƉausal age is aƉƉroǆimately 51 years, and is more or less 
normally distributed ǁith a range roughly betǁeen 40 and 60 years͘30,31 AƉƉroǆimately, 
1й oĨ the ǁomen aged 40 years ǁill be diagnosed ǁith sƉontaneous Ɖrimary ovarian 
insuĸciency ;PKIͿ͘32 Due to the high ƉroƉorƟon oĨ Western ǁomen using oral contraceƉƟves 
and hormonal uterine devices throughout menoƉause transiƟon noǁadays, the eǆact age 
oĨ menoƉause may be diĸcult to establish͘ Age at natural menoƉause is determined by a 
comƉleǆ interrelaƟon oĨ health, socioeconomic and geneƟc Ĩactors, and is associated ǁith 
numerous health Ĩactors, ƉarƟcularly cardiovascular health͘33 In general, ƉremenoƉausal non-
smoking ǁomen have a loǁ absolute risk oĨ CVD ;ф 3йͿ͘23 arly menoƉause, either natural 
or surgical, is associated ǁith a higher liĨeƟme incidence oĨ CVD events and deaths͘13,34-36 
>iĨe eǆƉectancy in ǁomen ǁith early menoƉause ;beĨore age 40Ϳ ǁas tǁo years shorter 
comƉared to late menoƉause ;aŌer age 55Ϳ in a cohort oĨ 12000 ƉostmenoƉausal, mainly 
Caucasian, ǁomen͘13 Ischemic heart disease risk decreases ǁith a later age at menoƉause, 
but the risk oĨ breast, endometrial and ovarian cancer seems to increase͘13,3ϳ-3ϵ Altogether, 
the net eīect oĨ a later menoƉause leads to an increased liĨesƉan͘13  &urthermore, signs oĨ 
subclinical atherosclerosis in the caroƟd arteries ǁere less ĨreƋuently Ĩound in ǁomen ǁith 
higher age at natural menoƉause͘40
Women ǁith PKI seem to have subtle changes in liƉid ƉroĮle comƉared to age-matched 
controls͖ hoǁever, the results oĨ tǁo studies ƉerĨormed on this subject ǁere conŇicƟng Ĩor 
changes ǁithin the liƉid ƉroĮle͘41,42 No diīerences ǁere Ĩound in body mass indeǆ ;MIͿ andͬ
or ǁaist circumĨerences betǁeen ǁomen ǁith PKI and controls, suggesƟng that diīerences 
in liƉid ƉroĮle are most likely related to Ɖremature cessaƟon oĨ ovarian ĨuncƟon͘
As an alternaƟve eǆƉlanaƟon Ĩor the adverse eīect oĨ early menoƉause on CVD risk it has 
been Ɖostulated that early age at natural menoƉause may be caused by Ĩactors that Ɖromote 
early atherosclerosis, either through direct damage to the ovarian vasculature or indirectly 
through an adverse imƉact on the endocrine system͘43 ThereĨore, a relaƟvely accelerated 
ageing ǁould be reŇected by both early menoƉause and an increased risk Ĩor CVD͘43 
DenopaƵsal transiƟon
The decline in estrogen levels during menoƉausal transiƟon aīects the CVD risk in ǁomen, 
Ɖresumably through harmĨul changes in CVD risk Ĩactors͘ CirculaƟng estrogens have a 
regulaƟng eīect on several metabolic Ĩactors, such as liƉids, inŇammatory markers and the 
coagulaƟon system͘ They also Ɖromote a direct vasodilaƟng eīect by the ɲ and ɴ-receƉtors 
in the vessel ǁall͘44 In addiƟon, changes in eǆƉression oĨ estrogen receƉtors may Ɖlay a role in 
atherogenesis, ǁhich needs Ĩurther clariĮcaƟon͘45 Trying to unravel the relaƟve contribuƟon 
oĨ tǁo closely linked Ɖrocesses such as ageing and menoƉause to CVD ǁith its mulƟĨactorial 
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origin is methodologically challenging͘46 ThereĨore, it is diĸcult to draǁ conclusions Ĩrom the 
divergent results oĨ studies ƉerĨormed on liƉid changes during menoƉausal transiƟon͘4ϳ-50 
No inŇuence oĨ menoƉausal transiƟon ǁas Ĩound on blood Ɖressure, glucose and insulin 
resistance suggesƟng a relaƟon oĨ these Ĩactors ǁith chronological ageing͘4ϵ More consistently, 
body comƉosiƟon changes are associated ǁith menoƉausal transiƟon rather than MI or 
ǁaist circumĨerence͖ results oĨ Ĩour longitudinal studies have shoǁn that absolute visceral 
Ĩat mass increases over Ɵme in ǁomen during this transiƟon͘51-54 An eǆcess oĨ visceral Ĩat 
is knoǁn as central obesity, and strongly correlated to CVD͘55 The ǁaist-hiƉ-raƟo is easy to 
measure and is considered as a surrogate marker oĨ visceral obesity͘ 56 ^everal studies have 
eǆamined non-invasive measurements oĨ subclinical atherosclerosis related to menoƉausal 
transiƟon͘ The decline in endothelial ĨuncƟon, as measured by brachial artery Ňoǁ-mediated 
dilaƟon, begins during the early stages oĨ menoƉause ;ƉerimenoƉauseͿ and ǁorsens ǁith the 
loss oĨ ovarian ĨuncƟon and Ɖrolonged estrogen deĮciency͘ 5ϳ CaroƟd inƟma-media thickness 
;CIMTͿ measurements detect early structural changes in the arterial ǁall and are a ǁell-
established marker Ĩor ;subclinicalͿ atherosclerosis͘ In a subgrouƉ oĨ 25ϳ ƉerimenoƉausal 
ǁomen in the ^tudy oĨ Women s͛ ,ealth Across the NaƟon ;^WANͿ, a large community-based 
ƉrosƉecƟve study, Ɖrogression oĨ CIMT deƉends on the menoƉausal transiƟon Ɖhase͘58 
Progression ǁas most Ɖrominent in late ƉerimenoƉause comƉared to ƉremenoƉausal and 
early ƉerimenoƉausal stages58, and dietary and eǆercise intervenƟons ǁere able to sloǁ 
this Ɖrocess͘5ϵ Among healthy ǁomen undergoing reƉeated CIMT measurement, a more 
raƉid menoƉausal transiƟon, ǁithin three years, ǁas associated ǁith a higher rate oĨ CIMT 
Ɖrogression comƉared to a sloǁer menoƉausal transiƟon͘60 The distribuƟon oĨ coronary 
ƉlaƋues shiŌed Ĩrom noncalciĮed ƉlaƋues in ƉremenoƉausal ǁomen toǁard more miǆed and 
calciĮed ƉlaƋues in ƉostmenoƉausal ǁomen͘61
Menopausal symptoms
Women ǁith comƉlaints oĨ Ňushing andͬor night sǁeats have a more unĨavorable CVD 
risk ƉroĮle comƉared to ǁomen ǁithout vasomotor symƉtoms ;VM^Ϳ, including increased 
cholesterol levels, systolic and diastolic blood Ɖressures, and MI͘62,63 In the ^WAN, VM^ 
ǁere associated ǁith higher liƉid levels and more insulin resistance͘64,65 More signs oĨ 
endothelial dysĨuncƟon and subclinical atherosclerosis ǁere also reƉorted in ǁomen ǁith 
VM^͘66-68 In contrast, results oĨ the Women s͛ ,ealth IniƟaƟve ;W,IͿ revealed that a history 
oĨ any vasomotor symƉtoms ǁas associated ǁith less subclinical signs oĨ atherosclerosis͘6ϵ 
In addiƟon, results oĨ the <ronos arly strogen PrevenƟon ^tudy ;<P^Ϳ shoǁed that VM^ 
in recently ƉostmenoƉausal ǁomen ǁere not associated ǁith subclinical atherosclerosis 
measured by CIMT͘ ϳ0 The ƉredicƟve value oĨ VM^ Ĩor clinical CVD may vary ǁith onset oĨ VM^ 
at diīerent stages oĨ menoƉause, in ǁhich VM^ in early menoƉause ǁere associated ǁith no 
risk or a reduced risk oĨ CVD, ǁhile VM^ occurring in late menoƉause indicated an increased 
risk͘ϳ1 This suggests that the causaƟve mechanisms oĨ VM^ in early and late menoƉause may 
be diīerent͘
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SƵƌŐŝĐĂůŵĞŶŽƉĂƵƐĞ
CardioǀasĐular risŬ faĐtors
Well-established liĨestyle risk Ĩactors Ĩor CVD are obesity, smoking, and sedentary liĨestyle͘ 
,yƉertension, dysliƉidemia, and insulin resistance such as in metabolic syndrome and 
diabetes, are knoǁn as modiĮable risk Ĩactors Ĩor CVD͘ More knoǁledge oĨ the eīects oĨ 
surgical menoƉause on these risk Ĩactors may helƉ to idenƟĨy ǁomen ǁith an elevated risk͘ 
A subanalysis oĨ ^WANϳ2 shoǁed that combined hysterectomy ǁith bilateral ooƉhorectomy 
;n с 106͖ mean age at surgery 4ϵ͘3 ;standard deviaƟon ΀^D΁ 3͘1ͿͿ ǁas associated ǁith greater 
increase in MI in the years Ĩolloǁing surgery than aŌer hysterectomy alone ;n с ϳ6͖ mean 
age at surgery 48͘0 ;^D 2͘8ͿͿ or natural menoƉause ;n с 1ϳ80͖ mean age at menoƉause 51͘ϳ 
΀^D 2͘5΁Ϳ͘ This suggests that accelerated ǁeight gain may Ĩolloǁ aŌer bilateral ooƉhorectomy 
among ǁomen in midliĨe, ƉromoƟng obesity-related chronic diseases͘ϳ2 Three months aŌer 
surgical menoƉause, unĨavorable changes ǁere observed in the liƉid ƉroĮle comƉared to 
ƉreoƉeraƟve status͘ϳ3 ,oǁever, more longitudinal measurements aŌer surgery are needed 
to disƟnguish betǁeen liƉid changes during natural menoƉausal transiƟon and aŌer surgical 
menoƉause͘ In healthy non-smoking ǁomen, CIMT ǁas increased aŌer surgically induced 
menoƉause comƉared to natural menoƉause adjusted Ĩor age and Ɵme since menoƉause͘ϳ4 
Kthers reƉorted otherǁise that the Ɵme Ɖeriod oĨ loǁ estrogen levels may be more criƟcal 
ǁith resƉect to the develoƉment oĨ subclinical atherosclerosis than the tyƉe oĨ menoƉause͘ϳ5 
arlier studies in healthy ǁomen ǁho underǁent bilateral ooƉhorectomy betǁeen 45–4ϵ 
years shoǁed that CIMT and caroƟd ƉulsaƟlity indices ;PIͿ, as measure oĨ arterial sƟīness, 
ǁere signiĮcantly higher tǁo years aŌer surgery in ǁomen not using ,RT͘ ϳ6,ϳϳ Among 
ƉremenoƉausal ǁomen ǁho underǁent bilateral ooƉhorectomy and hysterectomy, age-
adjusted CIMT ǁas related to years since surgery and higher than in ǁomen ǁho had 
hysterectomy alone͘ Although more than ϵ0й oĨ the studied ǁomen had a history oĨ ,RT use, 
the loss oĨ endogenous estrogen aŌer bilateral ooƉhorectomy ǁas not Ĩully comƉensated 
through ,RT use͘ϳ8 Women ǁith surgical menoƉause had also more sign oĨ arterial sƟīness 
than ǁomen ǁith natural menoƉause͘ϳ3 
CardioǀasĐular disease and mortality
A large meta-analysis35 oĨ observaƟonal studies shoǁed that early menoƉause through 
bilateral ooƉhorectomy increases the risk oĨ CVD more than Ĩour Ɵmes comƉared to natural 
menoƉause at age around 50 years͘ More recently, controversial results have been Ɖublished 
Ĩrom other cohort studies on the risk oĨ CVD aŌer hysterectomy ǁith or ǁithout bilateral 
ooƉhorectomy͘  These disƉariƟes could Ɖartly be eǆƉlained by heterogeneity in age categories, 
age at ooƉhorectomy, ,RT use, Ĩolloǁ-uƉ duraƟon, and endƉoints͘ In the Nurses͛ ,ealth 
^tudy and a large ^ǁedish studyϳϵ,80, hysterectomy combined ǁith bilateral ooƉhorectomy 
beĨore age 50 ǁas associated ǁith almost tǁo Ɵmes increased risk oĨ CVD ǁhile in the ^WAN 
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and W,I-K^ no associaƟon ǁas Ĩound͘81-83 ConŇicƟng results ǁere also ascertained Ĩor overall 
and CVD-related mortality aŌer hysterectomy ǁith bilateral ooƉhorectomy͘  In the W,I-K^82, 
there ǁas no associaƟon oĨ surgery ǁith mortality, ǁhereas the Mayo Clinic Cohort ^tudy 
oĨ KoƉhorectomy and Ageing84,85 and the Nurses͛ ,ealth ^tudy86 reƉorted an increased risk 
oĨ mortality ǁhen surgery ǁas ƉerĨormed beĨore age oĨ 45–50 years͘ This increased risk oĨ 
;cardiovascularͿ death may be aƩenuated by Ɵmely and adeƋuate ,RT͘ 80,84-86 &urthermore, 
the eīect oĨ hysterectomy alone on ovarian Ĩailure due to Ɖossibly imƉaired vascularisaƟon 
oĨ the ovaries is not eǆclusively clariĮed͘8ϳ,88 Kverall, it is likely that surgical menoƉause beĨore 
or around the age oĨ 40 years is associated ǁith an increased risk oĨ CVD, but the eǆtent oĨ 
the CVD risk and the ƉotenƟal beneĮcial eīects oĨ ,RT are not elucidated yet͘
,ŽƌŵŽŶĞƌĞƉůĂĐĞŵĞŶƚƚŚĞƌĂƉǇŝŶĞĂƌůǇŵĞŶŽƉĂƵƐĞ
&or the Ɖast Ĩour decades, an overǁhelming amount oĨ data have been Ɖublished on the 
risk and beneĮts oĨ ,RT on CVD͘ It is imƉortant to keeƉ in mind that diīerent tyƉes oĨ 
,RT are available: estrogen only, and estrogen Ɖlus ƉrogesƟn͘ In 1ϵϵ1, a meta-analysis oĨ 
eƉidemiologic studies esƟmated a 50й reducƟon in the risk oĨ coronary heart disease among 
ƉostmenoƉausal ǁomen using  estrogens͘ &iŌeen oĨ 16 ƉrosƉecƟve studies included in this 
meta-analysis observed a ƉrotecƟve eīect oĨ estrogens on the risk oĨ coronary heart disease͘8ϵ 
^ubseƋuently, several randomiǌed controlled trials ;RCTͿ including mainly ǁomen > 60 years 
ǁere conducted to assess the eīects oĨ ,RT ;estrogen andͬor estrogen Ɖlus ƉrogesƟnͿ on 
Ɖrimary and secondary ƉrevenƟon oĨ CVD reƉorƟng none or harmĨul eīects oĨ ,RT on CVD 
and breast cancer͘ ϵ0-ϵ3 In the near Ĩuture, the results oĨ the randomiǌed controlled trial <P^ 
ǁill Ɖrovide addiƟonal inĨormaƟon on the eĸcacy oĨ estrogens ;oral versus transdermalͿ on 
the Ɖrogression oĨ atherosclerosis in younger, early ƉostmenoƉausal ǁomen͘ϵ4 
To determine the ƉotenƟal risks and beneĮts oĨ ,RT aŌer RR^K in BRCA1/2 mutaƟon carriers, 
this revieǁ Ĩocuses on CVD eīects oĨ ,RT in ƉerimenoƉausal or early ƉostmenoƉausal 
ǁomen͘ In a recent Cochrane Revieǁ, it ǁas concluded that data are insuĸcient to assess the 
risk Ĩor long-term ,RT use in ƉerimenoƉausal ǁomen or ƉostmenoƉausal ǁomen younger 
than 50 years oĨ age͘ϵ5 ,ormone reƉlacement theraƉy has diīerent eīects on blood vessels in 
younger menoƉausal ǁomen comƉared to ǁomen long aŌer menoƉause, deƉending on the 
degree oĨ underlying atherosclerosis and vascular ageing͘ Clarkson et al.ϵ6 addressed this as 
the ͚Ɵming hyƉothesis͛: eǆogenous estrogens have beneĮcial eīects on sƟll relaƟvely healthy 
arterial vessels in young and early ƉostmenoƉausal ǁomen, ǁhile it has detrimental eīects in 
elderly ƉostmenoƉausal ǁomen ǁith more advanced atherosclerosis͘ TemƉorary treatment 
oĨ menoƉausal symƉtoms in early ƉostmenoƉausal Ɖhase may even sloǁ the Ɖrogression 
oĨ atherosclerosis and reduce the ƉostmenoƉausal CVD burden͘ The W,I Coronary-Artery 
Calcium ^tudy ;W,I-CAC^Ϳϵϳ included ǁomen betǁeen 50 and 5ϵ years old at enrollment, 
and shoǁed loǁer coronary calciĮcaƟon measures in ǁomen receiving estrogen as comƉared 
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ǁith Ɖlacebo͘ In a secondary analysis oĨ the W,I, ǁomen ǁho iniƟated ,RT ;estrogen only or 
estrogen Ɖlus ƉrogesƟnͿ closer to menoƉause tended to have less coronary heart disease in 
contrast to an increased risk among ǁomen ǁho started ,RT more distant Ĩrom menoƉause͘ϵ8 
In a recent eǆƉerimental study ǁith ooƉhorectomiǌed monkeys, early start oĨ estrogen seems 
to have Ɖro-inŇammatory eīects in caroƟd artery comƉared to estrogen several years aŌer 
surgery͘  This is suƉƉorƟve to the hyƉothesis that Ɵming oĨ estrogen close to menoƉause 
has a Ɖrolonged beneĮcial imƉact on the vascular eīects oĨ estrogens͘ϵϵ In 1006 recently 
ƉostmenoƉausal healthy Danish ǁomen, a RCT ǁas ƉerĨormed to determine the long-term 
eīects oĨ ,RT ;estrogen only or estrogen Ɖlus ƉrogesƟnͿ on CVD outcomes͘ AŌer 10 years, 
ǁomen receiving ,RT early aŌer menoƉause had a signiĮcantly reduced risk oĨ mortality, 
heart Ĩailure, or myocardial inĨarcƟon comƉared to controls, ǁithout any aƉƉarent increase 
in risk oĨ cancer, venous thromboembolism, or stroke͘100 
,ormone reƉlacement theraƉy in early ƉostmenoƉausal ǁomen increases Ƌuality-adjusted 
liĨe-years and seems to be cost-eīecƟve͘101 The eǆisƟng data regarding ,RT in ǁomen 
eǆƉeriencing menoƉause around 50 years may not be indiscriminately eǆtraƉolated to 
ǁomen ǁith Ɖremature surgical menoƉause͘ Although, these data suggests no harmĨul 
and Ɖresumably ƉosiƟve eīects oĨ ,RT, suƉƉorted by the recommendaƟons oĨ the riƟsh 
MenoƉause ^ociety and the North American MenoƉause ^ociety to use ,RT in ǁomen ǁith 
early menoƉause unƟl the median age oĨ natural menoƉause is reached͘102,103
Kd,Z&DA>-SW/&/ASWdSK&AZ/KsASU>AZZ/S<
KďƐƚĞƚƌŝĐŚŝƐƚŽƌǇ
Women ǁith a history oĨ ƉreeclamƉsia have aƉƉroǆimately tǁoĨold risk oĨ early onset CVD 
and cardiovascular mortality and a more than threeĨold risk oĨ develoƉing hyƉertension͘104-106 
Moreover, an associaƟon is Ĩound betǁeen severeness oĨ Ɖrevious ƉreeclamƉsia and the 
increase oĨ risk oĨ CVD͘104,105 AƉƉroǆimately one year aŌer delivery, ǁomen ǁith a history 
oĨ early-onset ƉreeclamƉsia eǆhibit increased risk Ĩactors Ĩor CVD, including unĨavorable 
liƉid ƉroĮles, insulin resistance, higher blood Ɖressure, and higher MI͘10ϳ PreeclamƉsia is 
also associated ǁith increased Ĩemoral artery inƟma-media thickness ǁithin one year aŌer 
delivery͘ 108 ^ tudies ǁith longer interval since Ɖregnancies comƉlicated ǁith hyƉertension andͬ
or ƉreeclamƉsia shoǁed that one to tǁo decades later ǁomen had more hyƉertension and 
obesity, but no elevated signs oĨ subclinical atherosclerosis͘10ϵ-111 Women ǁith hyƉertensive 
disorders in Ɖregnancy also reƉorted more VM^ during menoƉausal transiƟon than ǁomen 
ǁith normotensive Ɖregnancies͘112 &urthermore, gestaƟonal diabetes in both normal-ǁeight 
and overǁeight ǁomen is an essenƟal risk Ĩactor Ĩor develoƉing subseƋuent diabetes 
mellitus͘113 In conclusion, ǁomen ǁith a history oĨ hyƉertensive disorders in Ɖregnancy 
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are at higher risk oĨ Ĩuture CVD, ǁhereas the causaƟve imƉact on atheroscleroƟc disease 
Ɖrogression needs Ĩurther evaluaƟon͘  
ƌĞĂƐƚĐĂŶĐĞƌƚƌĞĂƚŵĞŶƚ
BRCA1/2 mutaƟon carriers have a high liĨeƟme risk oĨ breast cancer͖ the cumulaƟve risk by age 
ϳ0 years is 45–65й and 2ϳ–55й Ĩor BRCA1 and BRCA2 mutaƟon carriers, resƉecƟvely͘ 8,114-116 
UƉtake oĨ risk-reducing mastectomy ;RRMͿ varies ǁidely betǁeen countries ranging Ĩrom 
3 to 50й͘11ϳ-124 In general, the majority oĨ BRCA1/2 mutaƟon carriers ǁill choose intensive 
surveillance to diagnose breast cancer at an early stage to imƉrove Ɖrognosis͘ Predictors 
Ĩor uƉtake oĨ RRM are younger age, Ɖarity, Ɖersonal history oĨ breast cancer, and Ĩamily 
history͘ 122-124 An imƉortant ƉroƉorƟon oĨ ǁomen ǁith early breast cancer ǁill receive adjuvant 
radiotheraƉy, chemotheraƉy andͬor hormonal theraƉy to decrease recurrence risk and to 
imƉrove survival rates͘ ,oǁever, groǁing evidence in the Įeld oĨ cardio-oncology indicates 
that treatment strategies are associated ǁith immediate and late cardiovascular eīects in 
breast cancer survivors͘125,126 
Chemotherapy
The majority oĨ chemotheraƉeuƟc agents used in breast cancer treatment are associated 
ǁith uniƋue short-term and long-term cardiac comƉlicaƟons͘12ϳ Although the majority 
oĨ comƉlicaƟons are transient eīects, use oĨ anthracycline-containing regimes is ǁell 
recogniǌed to trigger dose-deƉendent and cumulaƟve harm, leading to Ɖrogressive cardiac 
dysĨuncƟon ǁith a reducƟon oĨ leŌ ventricular ejecƟon ĨracƟon͘125,128 AƉƉroǆimately 3–5й 
oĨ ƉaƟents eǆƉosed to anthracycline ǁith a cumulaƟve doses oĨ 400 mgͬm2 ǁill develoƉ 
congesƟve heart Ĩailure͘12ϵ,130 arly idenƟĮcaƟon oĨ anthracycline-induced cardiotoǆicity 
and ƉromƉt theraƉy may Ɖartly achieve recovery oĨ cardiac dysĨuncƟon͘131  Trastuǌumab, 
a human eƉidermal groǁth Ĩactor receƉtor ;,RͿ-2 receƉtor blocker, reduces mortality in 
,R2-ƉosiƟve breast cancer, but Ɖromotes leŌ ventricular dysĨuncƟon, esƉecially ǁhen used 
in combinaƟon ǁith anthracyclines͘132 Women ǁho received radiotheraƉy Ɖlus adjuvant non-
anthracycline containing chemotheraƉy are also at higher risk oĨ congesƟve heart Ĩailure 
comƉared to ǁomen ǁho are treated ǁith radiotheraƉy only͘ 133
Radiotherapy 
RadiotheraƉy has signiĮcantly imƉroved recurrence rates and survival oĨ breast cancer, both 
in conjuncƟon ǁith breast-conserving surgery and ablaƟve surgery͘ 134,135 In the last decades, 
radiotheraƉy regimes Ĩor breast cancer considerably changed to loǁer doses oĨ radiaƟon136, 
leading to a diīerence in acƋuired cardiac morbidityͬmortality͘ 13ϳ ,oǁever, eǆƉosure oĨ 
the heart to ioniǌing radiaƟon during radiotheraƉy Ĩor breast cancer, esƉecially leŌ-sided, 
increases the subseƋuent rate oĨ ischemic heart disease, ǁithout an aƉƉarent threshold͘ 
The increase is ƉroƉorƟonal to the mean dose to the heart, begins ǁithin a Ĩeǁ years aŌer 
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eǆƉosure and conƟnues Ĩor at least 20 years͘ Women ǁith ƉreeǆisƟng CVD risk Ĩactors have 
greater absolute increases in risk Ĩrom radiotheraƉy than other ǁomen͘138 DiīerenƟaƟng 
betǁeen cardiovascular eīects, it is suggested that radiotheraƉy is associated ǁith a 
higher relaƟve risk on valvular heart disease and heart Ĩailure comƉared to ischemic heart 
disease͘133,13ϵ  
Hormonal therapy
TradiƟonal endocrine theraƉy as tamoǆiĨen Ĩor ǁomen ǁith hormone receƉtor-ƉosiƟve breast 
cancer has not been clearly associated ǁith adverse cardiovascular outcomes͘ Although 
controversial, adjuvant tamoǆiĨen treatment Ĩor breast cancer may even have ƉrotecƟve 
ƉroƉerƟes against myocardial inĨarcƟon and ischemic heart disease͘140,141 Also an imƉroved 
endothelial ĨuncƟon and reduced CIMT ǁere observed in ǁomen ǁith breast cancer using 
tamoǆiĨen͘142 ,oǁever, these Ĩavorable eīects may be oīset by a higher incidence oĨ vascular 
events as venous thromboembolism, and stroke͘141 ComƉared to tamoǆiĨen, aromatase 
inhibitor theraƉy has been associated ǁith a slight increase in CVD events, although the 
incidence oĨ thromboembolism ǁas signiĮcantly loǁer͘ 143,144 &urther research is reƋuired to 
Ĩully assess the associated cardiovascular risks, iĨ any, ǁith aromatase inhibitor theraƉy͘  
BRCA DUdAd/KNANAZ/KsASU>AZZ/S<
BRCA1/2 ŵƵƚĂƟŽŶ
The increased risk oĨ develoƉing cancer in BRCA1/2 mutaƟon carriers has been studied 
eǆtensively, and both genes are involved in homology-directed DNA damage reƉair͘  
BRCA1/2 genes are classiĮed as ͚tumour suƉƉressors͛ on the basis oĨ their ƉroƉosed role in 
maintaining genome integrity͘ 145 UnreƉaired DNA damage is a trigger Ĩor aƉoƉtosis, ǁhich is 
imƉortant not only in the develoƉment oĨ cancer syndromes but also reƉresents a common 
ƉathoƉhysiological basis Ĩor diverse chronic disease including cardiovascular disease͘146-148 In 
a recent ƉublicaƟon, it is suggested that BRCA1/2 mutaƟon carriers among an Ashkenaǌi 
Jeǁish cohort have an eǆcess risk oĨ non-cancer related mortality comƉared to noncarriers͘ 
Women ǁith a BRCA1/2 mutaƟon had an aƉƉroǆimately siǆ years reduced liĨe eǆƉectancy 
aŌer eǆcluding deaths Ĩolloǁing diagnosis oĨ breast, ovarian, ƉancreaƟc cancer or melanoma͘ 
This observed eǆcess mortality risk in the absence oĨ any cancer suggests that BRCA1/2 
mutaƟons may eǆert biologic eīects Ƌuite aƉart Ĩrom their ǁell-established inŇuence on 
cancer risk͘14ϵ AŌer diagnosis oĨ breast cancer, BRCA1/2 mutaƟon carriers had a doubled 
risk oĨ develoƉing diabetes comƉared to BRCA1/2 mutaƟon carriers ǁithout breast cancer͘  
This risk ǁas ƉarƟcularly high Ĩor ǁomen ǁho ǁere overǁeight at the Ɵme oĨ breast cancer 
diagnosis and ǁho ǁere treated ǁith chemotheraƉy͘ 150 
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In a genome-ǁide associaƟon study, several liƉid-related single nucleoƟde ƉolymorƉhisms 
;^NPsͿ in Ɖreviously unreƉorted genes ǁere idenƟĮed, in ǁhich BRCA2 ǁas related to loǁ-
density liƉoƉrotein cholesterol and total cholesterol͘ Clinical signiĮcance oĨ this Įnding is yet 
unclear͘ 151  
Recently, a Canadian research grouƉ ƉerĨormed several eǆƉerimental studies ǁith BRCA1 or 
BRCA2 knockout mice on CVD͘ >oss oĨ BRCA1 in cardiomyocytes in mice is associated ǁith 
adverse cardiac remodeling, Ɖoor ventricular ĨuncƟon and higher mortality aŌer myocardial 
inĨarcƟon͘ In mice, heteroǌygous loss oĨ cardiomyocyte-sƉeciĮc BRCA1 increased aƉoƉtosis 
in cardiomyocytes and mortality Ĩolloǁing myocardial inĨarcƟon comƉared to controls͘152 
&urthermore, it ǁas shoǁn both in cardiomyocyte-sƉeciĮc BRCA1 homo- and heteroǌygous 
knockout mice that ĨaƩy acid and glucose metabolism ǁere reduced, leading to an energy 
starved heart͘153 Another study by the same grouƉ shoǁed that RCA1 is basally eǆƉressed 
in endothelial cells͘ RCA1 overeǆƉression aƉƉeared to Ɖrotect, ǁhile RCA1 silencing 
eǆaggerated endothelial cell aƉoƉtosis and endothelial dysĨuncƟon͘154 In cardiomyocyte-
sƉeciĮc BRCA2 homoǌygous knockout mice, basal and Ɖost-doǆorubicin treatment ƉhenotyƉes 
ǁere evaluated͘ Although eƋual basal cardiac ƉhenotyƉes ǁere Ĩound, doǆorubicin treatment 
resulted in markedly greater DNA damage, aƉoƉtosis, cardiac dysĨuncƟon and mortality in 
BRCA2 knock-out mice comƉared to control mice͘155 &urther research is ǁarranted to beƩer 
elucidate the role oĨ BRCA1/2 haƉlo-insuĸciency in both humans and mice͘156
Kverall, all above-menƟoned studies should be a Ɖoint oĨ deƉarture Ĩor Ĩurther research to 
invesƟgate the Ɖresumed relaƟon betǁeen mutaƟon in BRCA1/2 genes and risk oĨ CVD͘
&ĞƌƟůŝƚǇĂŶĚŶĂƚƵƌĂůŵĞŶŽƉĂƵƐĞ
Age at menoƉause is a comƉleǆ outcome related to several Ĩactors33, and is ƉarƟally 
heritable͘15ϳ Recent evidence shoǁed that ǁomen ǁith BRCA1/2 mutaƟon have an increased 
risk oĨ PKI͘158 A BRCA1/2 mutaƟon ǁas associated ǁith an earlier age at natural menoƉause, 
and heavy smoking comƉounded this risk͘15ϵ,160 ecause the relaƟonshiƉ betǁeen menoƉause 
and end oĨ natural ĨerƟlity is considered to be Įǆed, these Įndings suggest the risk oĨ earlier 
inĨerƟlity among BRCA1/2 mutaƟon carriers͘160 Although, the diīerence ǁas small comƉared 
to noncarriers and no clinical imƉlicaƟons ǁere Ĩound in terms oĨ Ɖarity, age at birth and 
history oĨ ĨerƟlity Ɖroblems͘15ϵ Diīerent mutaƟons in Ĩragile y mental retardaƟon ;&MR1Ϳ gene 
are associated ǁith occult PKI͖ thereĨore, &MR1 distribuƟon ǁas studied among BRCA1/2 
mutaƟon carriers and healthy controls͘161 Preliminary Įndings suggest that menoƉause and 
ƉotenƟally reƉroducƟve liĨesƉan in BRCA1/2 mutaƟon carriers may be &MR1 mediated, 
although others could not conĮrm these Įndings͘162 In Ĩact, PKI in BRCA1/2 mutaƟon carriers 
seems to be associated ǁith an imƉairment oĨ BRCA1-related DNA damage reƉair mechanism 
itselĨ, ǁhich imƉlicates an accumulaƟon oĨ double-strand breaks in oocytes leading to 
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increased aƉoƉtosis͘163 &urthermore, a novel associaƟon ǁas Ĩound betǁeen loǁ resƉonse 
to ovarian sƟmulaƟon and BRCA1 mutaƟons, ǁhich also suggests a Ɖossible link betǁeen 
double-stand DNA reƉair gene ĨuncƟon, inĨerƟlity, and breastͬovarian cancer risks͘ Kvarian 
sƟmulaƟon Ĩor ĨerƟlity ƉreservaƟon in BRCA1 mutaƟon carriers ǁith breast cancer Ɖroduced 
loǁer number oĨ oocytes and had much loǁer ovarian resƉonse comƉared to noncarriers 
ǁith breast cancer͘ 158 The clinical imƉact oĨ this loǁer resƉonse is sƟll unclear͖ another study 
shoǁed no diīerence in Ɖregnancy success in three grouƉs oĨ Ashkenaǌi Jeǁs͖ BRCA1/2 
mutaƟon carriers ǁith ovarian cancer, noncarriers ǁith ovarian cancer, and controls͘164 
ZŝƐŬ-ƌĞĚƵĐŝŶŐƐĂůƉŝŶŐŽ-ŽŽƉŚŽƌĞĐƚŽŵǇ
In a case-control study, the &ramingham score ǁas eǆamined in ǁomen Ĩrom hereditary 
breast andͬor ovarian cancer ;,KCͿ Ĩamilies ;only 20й had a BRCA1/2 mutaƟonͿ, ǁho 
underǁent RR^K comƉared to age-matched controls Ĩrom the general ƉoƉulaƟon͘ The RR^K 
grouƉ had a healthier coronary heart disease risk ƉroĮle ǁith more Ɖhysical acƟvity, beƩer 
liƉid ƉroĮles, loǁer systolic blood Ɖressure and MI, resulƟng in loǁer &ramingham scores͘ 
In mulƟvariate analysis, mutaƟon status ǁas not related to &ramingham scores͘ ThereĨore, 
it is suggested that selĨ-selecƟon oĨ ǁomen seeking RR^K ;higher level oĨ educaƟon, more 
Ɖaid ǁork, more Ɖhysical acƟvityͿ, changes in liĨestyle aŌer surgery, and survival bias may 
eǆƉlain a more Ĩavorable coronary heart disease risk ƉroĮle in ǁomen aŌer RR^K comƉared 
to controls͘165 The same research grouƉ also invesƟgated the associaƟon betǁeen RR^K and 
metabolic syndrome in the same ǁomen at risk oĨ ,KC, and Ĩound that RR^K ǁas associated 
ǁith a higher risk oĨ metabolic syndrome͘166 A retrosƉecƟve study based on medical records 
ǁas ƉerĨormed in 226 BRCA1/2 mutaƟon carriers ǁho Ɖreviously underǁent RR^K͘ The 
risk oĨ hyƉertension, diabetes mellitus, hyƉercholesterolemia and coronary artery diseaseͬ
myocardial inĨarcƟon ǁas loǁ and did not vary betǁeen those ǁith RR^K beĨore or aŌer the 
age oĨ 50 years, although the number oĨ events ǁas small ǁith a short-term Ĩolloǁ-uƉ͘16ϳ No 
ƉrosƉecƟve studies ǁere ƉerĨormed to invesƟgate cardiovascular risks, diseases or events in 
BRCA1/2 mutaƟon carriers aŌer RR^K͘ 
,ŽƌŵŽŶĞƌĞƉůĂĐĞŵĞŶƚƚŚĞƌĂƉǇ
Most research on ,RT use in BRCA1/2 mutaƟon carriers aŌer RR^K Ĩocused on the risk oĨ 
breast cancer, relieĨ oĨ VM^ andͬor seǆual ĨuncƟoning͘ In a study oĨ 462 BRCA1/2 mutaƟon 
carriers, short-term ,RT use does not negate the ƉrotecƟve eīect oĨ RR^K on subseƋuent 
breast cancer risk͘168 ,oǁever, many young BRCA1/2 mutaƟon carriers seems to be reluctant 
to use ,RT or stoƉƉed Ɖrematurely because oĨ the suƉƉosed risk oĨ breast cancer͘ 16ϵ Although 
,RT has a ƉosiƟve eīect on surgically induced VM^, it may be less eīecƟve than is oŌen 
assumed͘1ϳ0 BRCA1/2 mutaƟon carriers ǁho ǁere ƉremenoƉausal at the Ɵme oĨ RR^K ;n с 
ϳ5Ϳ eǆƉerienced a signiĮcant ǁorsening oĨ VM^ ;hot Ňushes, night sǁeats and sǁeaƟngͿ and 
a decline in seǆual ĨuncƟoning ;desire, Ɖleasure, discomĨort and habitͿ͘ oth ǁere miƟgated 
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by ,RT, esƉecially decrease oĨ vaginal dryness and dysƉareunia, but symƉtoms did not return 
to Ɖre-surgical levels and seǆual Ɖleasure aŌer RR^K ǁas not alleviated by ,RT͘ 1ϳ1
In a Markov decision analyƟc model, the eǆƉected outcomes oĨ RR^K ǁith or ǁithout ,RT 
ǁere assessed in ǁomen ǁith a BRCA1/2 mutaƟon, taking into account the cardiovascular 
risk oĨ RR^K͘ Use oĨ ,RT to age 50 years ǁas associated ǁith relaƟvely small changes in liĨe 
eǆƉectancy, but ǁhen ,RT ǁas conƟnued Ĩor liĨe larger decrements in liĨe eǆƉectancy ǁere 
observed͘ ThereĨore, the decision oĨ short-term use oĨ ,RT aŌer RR^K should be largely 
based on Ƌuality oĨ liĨe issues rather than liĨe eǆƉectancy͘ 1ϳ2 &inch et al.1ϳ3 recommended 
considering ,RT use in BRCA1/2 mutaƟon carriers ǁithout Ɖrior breast cancer aŌer RR^K 
to the age oĨ natural menoƉause, and esƉecially in ǁomen ǁith risk-reducing mastectomy͘   
KN>US/KN
UnƟl noǁ, eǆtremely limited data are available on the risk oĨ CVD in BRCA1/2 mutaƟon carriers͘ 
It seems Ɖlausible that ǁomen ǁith a BRCA1/2 mutaƟon have an addiƟonal risk oĨ CVD above 
the already high liĨeƟme risk in the general ƉoƉulaƟon͘ &irstly, Ɖremature surgical menoƉause 
in general is associated ǁith more cardiovascular morbidity and mortality, and no eǆceƉƟon 
Ĩor BRCA1/2 mutaƟon carriers is to be eǆƉected͘ ,igh susceƉƟbility to breast cancer in this 
grouƉ imƉlicates a higher risk oĨ eǆƉosure to chemotheraƉy andͬor radiotheraƉy ǁith negaƟve 
short-term and long-term eīects on cardiovascular health͘ &urthermore, Ɖreliminary results 
oĨ research in diīerent Įelds might suggest a more basal mechanism oĨ the ĨuncƟon oĨ BRCA 
genes ǁith inŇuences on the cardiovascular system͘
&urther clinical and translaƟonal research is needed to determine CVD risk in BRCA1/2 
mutaƟon carriers concentraƟng on both classical CVD risk Ĩactors as ǁell as the risk Ĩactors 
sƉeciĮc Ĩor BRCA1/2 mutaƟon carriers͘ UnƟl more evidence on CVD risk in BRCA1/2 mutaƟon 
carriers is Ɖrovided, caregivers should Ɖay addiƟonal aƩenƟon on their tradiƟonal CVD risk 
Ĩactors͘ In addiƟon, ,RT should be recommended aŌer early surgical menoƉause to BRCA1/2 
mutaƟon carriers ǁithout a history oĨ breast cancer͘  
This revieǁ endorses the comƉelling need Ĩor intensiĮed collaboraƟon betǁeen cardiologists, 
oncologists, gynecologists, and general ƉracƟƟoners to oƉƟmiǌe long-term survival in this 
uniƋue cohort oĨ both young cancer Ɖrevivors and cancer survivors͘
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ASdZAd
ĂĐŬŐƌŽƵŶĚ
BRCA1/2 mutaƟon carriers are generally eǆƉosed to early surgical menoƉause to reduce their 
elevated risk oĨ ovarian cancer͘  >iƩle is knoǁn about the imƉact oĨ risk-reducing salƉingo-
ooƉhorectomy ;RR^KͿ on the cardiovascular system͘ 
DĞƚŚŽĚƐ
This cross-secƟonal study eǆƉlored the relaƟon betǁeen signs oĨ subclinical atherosclerosis, 
as measured by caroƟd inƟma-media thickness ;CIMTͿ and Ɖulse ǁave velocity ;PWVͿ, and 
Ɵme since RR^K in 165 BRCA1/2 mutaƟon carriers͘ All these ǁomen, aged 40–63 years, 
underǁent RR^K at age 45 years or younger and at least Įve years ago͘ Cardiovascular risk 
Ĩactors ǁere collected by ƋuesƟonnaires and a single screening visit͘ Data ǁere analyǌed 
using linear regression models͘ 
ZĞƐƵůƚƐ
Mean CIMT ǁas 6ϵ2͘ϳ ʅm ;^D 8ϳ͘0Ϳ, and mean central PWV ǁas 6͘40 mͬs ;^D 1͘42Ϳ͘ 
ComƉared ǁith ǁomen Ĩrom the general ƉoƉulaƟon, loǁer systolic blood Ɖressure ;mean 
diīerence 12 mm,g͖ ϵ5й conĮdence interval ΀CI΁ 10, 14Ϳ ǁas Ĩound in BRCA1/2 mutaƟon 
carriers͘ AŌer adjustment Ĩor age and mulƟƉle cardiovascular risk Ĩactors, Ɵme since RR^K 
ǁas not associated ǁith CIMT ;ɴ с 0͘68 ʅm͖ ϵ5й CI –4͘02, 5͘38Ϳ and PWV ;ɴ с 44 mmͬs͖ ϵ5й 
CI –32, 120Ϳ͘
ŽŶĐůƵƐŝŽŶ
Kur Įndings in BRCA1/2 mutaƟon carriers suggest that Ɵme since RR^K is not related to 
develoƉment oĨ subclinical atherosclerosis͘ ,oǁever, our Ĩolloǁ-uƉ Ɖeriod in this young 
grouƉ oĨ ǁomen might have been too short to be reŇected in subclinical atherosclerosis 
measurements, and longer eǆƉosure Ɵme is needed͘ In addiƟon, considerably loǁer blood 
Ɖressure may counteract subclinical atherosclerosis develoƉment͘  
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/NdZKUd/KN
BRCA1/2 mutaƟon carriers have a high liĨeƟme risk Ĩor breast and ovarian cancer oĨ 4ϵ–5ϳй 
and 18–40й, resƉecƟvely͘ 1 AƉƉroǆimately 2й and 15й oĨ all ǁomen ǁith resƉecƟvely breast 
or ovarian cancer carry a mutaƟon in a BRCA1 or BRCA2 gene͘2 To reduce the ovarian cancer 
risk, BRCA1/2 mutaƟon carriers are strongly advised to undergo a risk-reducing salƉingo-
ooƉhorectomy ;RR^KͿ around the age oĨ 40 years, this being a highly eīecƟve strategy͘ 3 UnƟl 
noǁ, liƩle aƩenƟon has been Ɖaid to the ƉotenƟal long-term health eīects oĨ Ɖremature 
menoƉause due to RR^K, such as earlier occurrence oĨ atherosclerosis͘ 
Germline mutaƟons in BRCA1/2 genes ǁere discovered only tǁo decades ago͖ thereĨore, 
data on cardiovascular diseases ;CVDͿ aŌer ƉremenoƉausal RR^K are scarce͘ Although, 
BRCA1/2 mutaƟon carriers may have an elevated risk Ĩor CVD Ĩor diīerent reasons͘4 In the 
general ƉoƉulaƟon, early menoƉause negaƟvely aīects CVD morbidity and mortality͘ 5,6 A 
more unĨavorable liƉid ƉroĮle and higher body mass indeǆ ;MIͿ are observed aŌer early 
surgical menoƉauseϳ͖ ǁhereas its eīects on blood Ɖressure and glucose metabolism are less 
consistent͘ ,ormone reƉlacement theraƉy ;,RTͿ is advised in ǁomen ǁith early menoƉause 
unƟl average age oĨ menoƉause ǁith ƉotenƟally beneĮcial eīects on vascular ĨuncƟon, 
liƉid levels, and glucose metabolism͘8 ,oǁever, ,RT is contraindicated in ǁomen ǁith Ɖrior 
breast cancer͘  An signiĮcant ƉroƉorƟon oĨ BRCA1/2 mutaƟon carriers ǁill receive adjuvant 
chemotheraƉy or radiotheraƉy Ĩor breast cancer, ǁhich may have cardiotoǆic eīects͘ϵ A 
Ɖossible role oĨ deĮcient DNA reƉair mechanisms, as in BRCA1/2 mutaƟon carriers, in the 
cardiovascular ;CVͿ system is suggested in animal studies10,11, but this has not yet been 
invesƟgated in humans͘ 
A ǁay oĨ Ɖroviding evidence oĨ CVD risk in ooƉhorectomiǌed BRCA1/2 mutaƟon carriers is to 
study the level and eǆtent oĨ arterial damage͘ oth caroƟd inƟma-media thickness ;CIMTͿ and 
Ɖulse ǁave velocity ;PWVͿ are subclinical atherosclerosis measurements that reŇect long-
term eǆƉosure to unĨavorable levels oĨ increased risk Ĩactors͘ Measurements oĨ increased 
CIMT and PWV are strong Ɖredictors Ĩor Ĩuture CV events in middle-aged subjects͘12,13 
Thus Ĩar, studies on CIMT and PWV aŌer Ɖremature surgical menoƉause are scarce, ǁith 
conŇicƟng results on the associaƟon ǁith Ɵme since menoƉause͘14-1ϳ The objecƟve oĨ this 
study ǁas to evaluate ǁhether RR^K is a ƉotenƟal risk Ĩactor in BRCA1/2 mutaƟon carriers Ĩor 
early develoƉment oĨ subclinical atherosclerosis as assessed by CIMT and PWV͘
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Dd,KS
WĂƌƟĐŝƉĂŶƚƐ
The Cardiovascular Risk aŌer RR^K in BRCA1/2 MutaƟon Carriers ;CAR^KRAͿ study ǁas a 
single-center cohort study ƉerĨormed in Radboud university medical center ;RadboudumcͿ 
in the Netherlands betǁeen June and November 2015͘ Germline BRCA1/2 mutaƟon 
carriers knoǁn to the DeƉartment oĨ ,uman GeneƟcs or the DeƉartment oĨ Kbstetrics and 
Gynecology ǁere invited by leƩer to ƉarƟciƉate in the CAR^KRA study͘  Women ǁere asked 
to ƉarƟciƉate ǁhen RR^K ǁas ƉerĨormed at age 45 years or younger and at least Įve years 
ago͘ Women ǁith Ɖrevious ovarian cancer or current treatment Ĩor metastaƟc breast cancer 
ǁere eǆcluded Ĩrom ƉarƟciƉaƟon͘ The study ǁas aƉƉroved by the Medical thics CommiƩee 
oĨ the Radboudumc ;CMK:2014-1430Ϳ͘ All ƉarƟciƉants Ɖrovided ǁriƩen inĨormed consent 
beĨore entering the study͘  The study consisted oĨ a digital ƋuesƟonnaire and a single CV 
screening visit͘ General characterisƟcs included age, race, educaƟon level, sort oĨ BRCA 
mutaƟon, and Ɵme since RR^K͘ 
DĞĂƐƵƌĞƐŽĨƐƵďĐůŝŶŝĐĂůĂƚŚĞƌŽƐĐůĞƌŽƐŝƐ
ParƟciƉants ǁere instructed to avoid strenuous Ɖhysical acƟvity 24 hours beĨore tesƟng, 
abstain Ĩrom smoking Ĩor 14 hours, and to Ĩast at least siǆ hours, to minimiǌe their eīects on 
the vascular system͘ Tests ǁere ƉerĨormed under standardiǌed condiƟons in a Ƌuiet, ƉarƟally 
darkened, temƉerature-controlled room ;22͘5 ц 1͘0ǑCͿ͘ All measurements ǁere ƉerĨormed 
by the same sonograƉher ;MAͿ͘ 
,igh-resoluƟon -mode ultrasound caroƟd artery images ǁere acƋuired using a linear 
array 10-M,ǌ transducer aƩached to a Terason T3000 ;urlington, MA, U^AͿ͘ The inƟma-
media thickness oĨ the leŌ common caroƟd artery ;CCAͿ ǁas measured 2 cm Ɖroǆimal to 
the bulbus͘18 Wall thickness ǁas measured conƟnuously Ĩor at least 10 seconds, and this 
ǁas reƉeated Ĩrom a diīerent ƉerƉendicular Ɖlane ;ц ϵ0 degree comƉared ǁith Ɖrevious 
measurementͿ͘ &rom the tǁo measures, mean ǁall thickness ǁas calculated and used 
Ĩor analysis͘ Post-test analysis ǁall thickness ǁas ƉerĨormed by a researcher ;MAͿ ǁho 
ǁas blinded to subject idenƟty͘  Custom-designed edge-detecƟon and ǁall-tracking Digital 
Imaging and CommunicaƟons in Medicine-based ;DICKMͿ soŌǁare ǁas used, ǁhich is largely 
indeƉendent oĨ invesƟgator bias͘1ϵ 
Arterial sƟīness ǁas determined using central PWV͘  It is a measure oĨ ǁave velocity, ǁhich is 
ƉroƉagated by contracƟon oĨ the heart and travels along the arterial tree͘ PWV is calculated 
by dividing travelled distance by transit Ɵme͘20 A three-lead electrocardiogram ǁas used Ĩor 
R-ǁave detecƟon͘ The Ɖulse ǁave ǁas measured by echo-DoƉƉler ultrasound ;Waki>oki 
DoƉƉler, 4 M,ǌ, Atys Medical, ^oucieu en Jarrest, &ranceͿ at the leŌ CCA and the right 
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common Ĩemoral artery ;&AͿ͘ The distance betǁeen CCA to sternal notch ;^NͿ ǁas measured 
over the body surĨace, ǁhereas the height Ĩrom the ground to ^N, umbilicus ;UMͿ, and &A 
ǁere obtained in standing ƉosiƟon in Ĩront oĨ a measuring rod͘ The Ɖath length Ĩor aorƟc 
distance ǁas obtained by the Ĩormula: ΀;^N to UMͿ н ;UM to &AͿ΁ – ;CCA – ^NͿ͘ PWV 
ǁas automaƟcally calculated by the echo-tracking subsystem using the intersecƟng tangent 
algorithm to measure the Ɖulse transit Ɵme diīerence͘ The reƉorted value ǁas the average 
oĨ at least eight consecuƟve beats͘ 
ĂƌĚŝŽǀĂƐĐƵůĂƌƌŝƐŬĨĂĐƚŽƌƐĂŶĚŽƚŚĞƌƉŽƚĞŶƟĂůĐŽǀĂƌŝĂƚĞƐ
A ĨasƟng venous blood samƉle ǁas analysed Ĩor glucose, insulin, total cholesterol ;TCͿ, high-
density liƉoƉrotein cholesterol ;,D>-CͿ and triglycerides͘ Insulin resistance ǁas esƟmated 
using the ,omeostasis Model Assessment ;,KMA-IRͿ Ĩormula ;΀ĨasƟng serum insulin ;mUͬlͿ 
ǆ ĨasƟng Ɖlasma glucose ;mmolͬlͿ΁ ͬ22͘5Ϳ͘21 AŌer 15 minutes͛ rest in suƉine ƉosiƟon, blood 
Ɖressure ǁas determined using a semi-automaƟc oscillometric device ;Vital ^igns Monitor 
300 ^ eries, Model 5300P͖ Welch Allyn Inc, eaverton, KR, U^AͿ ǁith a cuī siǌe aƉƉroƉriate Ĩor 
arm circumĨerence, at Įve-minute intervals Ĩor 30 minutes͘ The median oĨ seven measures oĨ 
systolic blood Ɖressure ;^PͿ ǁas used Ĩor analysis͘ ,yƉertension ǁas deĮned as ^P ш 140 
mm,g andͬor diastolic blood Ɖressure ;DPͿ ш ϵ0 mm,g22 or the use oĨ blood Ɖressure-
loǁering medicaƟon͘ Measures consisted oĨ height ;mͿ and body ǁeight ;kgͿ to calculate MI 
;kgͬm2Ϳ, and ǁaist and hiƉ circumĨerences ;cmͿ to calculate ǁaist-hiƉ raƟo ;W,RͿ͘ 
^elĨ-reƉorted data ǁere obtained on smoking status, medicaƟon use ;blood Ɖressure-
loǁering, liƉid-loǁering, glucose-loǁering, and ,RTͿ, history oĨ hyƉertensive Ɖregnancy 
disorders andͬor gestaƟonal diabetes, history oĨ CVD, Ɖrior breast cancer treated ǁith 
chemotheraƉy andͬor radiotheraƉy, and Ĩamily history oĨ Ɖremature CVD ;myocardial 
inĨarcƟonͬstroke in Įrst degree Ĩamily members ф 60 yearsͿ͘ ^elĨ-reƉorted Ɖhysical Įtness 
ǁas assessed by the 12-item Duke AcƟvity ^tatus Indeǆ ;DA^IͿ͘22 AcƟviƟes reƉresenƟng major 
asƉects oĨ Ɖhysical ĨuncƟon ;Ɖersonal care, ambulaƟon, household tasks, seǆual ĨuncƟon, 
and recreaƟonal acƟviƟesͿ ǁere determined and ǁeighted by their knoǁn metabolic cost to 
Ɖredict an individual s͛ maǆimal eǆercise caƉacity͘  A total DA^I score ranges Ĩrom 0 ;ǁorstͿ to 
58͘2 ;bestͿ, and correlates ǁell ǁith Ɖeak oǆygen uƉtake͘ 
Cardiovascular risk Ĩactors oĨ BRCA1/2 mutaƟon carriers ǁere comƉared ǁith age-matched 
ǁomen Ĩrom a Dutch general ƉoƉulaƟon study͘ 24 These data ǁere collected in 200ϵ–2010 
containing measures on MI, ^P, DP, TC, ,D>-C, and glucose͘ Metabolic syndrome ǁas 
deĮned as the Ɖresence oĨ  three or more oĨ the Ĩolloǁing risk Ĩactors: abdominal obesity͖ 
^P ш 130 mm,g andͬor DP ш 85 mm,g andͬor blood Ɖressure-loǁering medicaƟon͖ ,D>-C 
ф 1͘30 mmolͬl andͬor liƉid-loǁering medicaƟon͖ ĨasƟng glucose ш 5͘6 mmolͬl andͬor glucose-
loǁering medicaƟon͖ triglyceride ш 1͘ϳ mmolͬl͘ 
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ĂƚĂĂŶĂůǇƐŝƐ
Data ǁere eǆƉressed as means and ^Ds͘ When distribuƟons oĨ variables ǁere skeǁed, log-
transĨormaƟon ǁas used beĨore analysis͘ ConƟnuous data ǁere comƉared by ^ tudent t test Ĩor 
indeƉendent samƉles͘ ProƉorƟons ǁere comƉared by chi-sƋuare test͘ In univariate analysis, 
associaƟons oĨ age-adjusted common CIMT and age-adjusted central PWV ǁith ;ƉotenƟalͿ 
CVD risk Ĩactors ǁere tested ;^P, blood Ɖressure-loǁering medicaƟon, ,KMA-IR, glucose-
loǁering medicaƟon, TC, liƉid-loǁering medicaƟon, MI, W,R, current smoking, ,RT, DA^I, 
CV risk in Ɖregnancy, Ɖrior breast cancer treated ǁith chemotheraƉy andͬor radiotheraƉy, 
Ĩamily history oĨ CVDͿ͘ Those variables ǁith a p-value ф 0͘10 ǁere included in linear regression 
models Ĩor Ĩurther adjustment ǁhen tesƟng the associaƟon oĨ Ɵme since RR^K ǁith common 
CIMT and central PWV͘  ^taƟsƟcal analyses ǁere ƉerĨormed using ^taƟsƟcal Package Ĩor the 
^ocial ^ciences soŌǁare version 22͘0 ;^P^^ Inc͘, Chicago, I>Ϳ͘ A p-value ф 0͘05 ǁas considered 
signiĮcant͘  
ZSU>dS
'ĞŶĞƌĂůĐŚĂƌĂĐƚĞƌŝƐƟĐƐ
In total, 268 ǁomen ǁere invited to ƉarƟciƉate͖ oĨ these, 165 ;62йͿ gave inĨormed consent͘ 
General characterisƟcs oĨ the ƉarƟciƉants are disƉlayed in Table 1͘ 112 had a BRCA1 mutaƟon 
;68йͿ, 51 had a BRCA2 mutaƟon ;31йͿ, and tǁo had a combined BRCA1 and BRCA2 mutaƟon͘ 
All but three ǁere Caucasians͘ KĨ 111 BRCA1/2 mutaƟon carriers ;6ϳйͿ ǁithout Ɖrior breast 
cancer, 82 ;ϳ4йͿ had ever used ,RT, Ĩor a mean duraƟon oĨ 6͘6 years ;^D 4͘1Ϳ͘ &iŌy Ɖercent 
oĨ all ƉarƟciƉants had a maǆimal DA^I score oĨ 58͘2 ;median 58͘2, range ϳ͘2–58͘2Ϳ͘ Knly one 
ǁoman had a history oĨ CVD including  transient ischemic aƩack and abdominal aneurysm 
aorta͘ 
KĨ the nonƉarƟciƉants ;n с ϵϳͿ, eight did not ĨulĮll the inclusion criteria, 22 did not resƉond 
or ǁere not reached, and 6ϳ ǁere not interested in ƉarƟciƉaƟon Ĩor diīerent reasons͘ In a 
random samƉle oĨ nonƉarƟciƉants ;n с 32Ϳ, 38й ǁere knoǁn to be smokers, comƉared ǁith 
13й oĨ the ƉarƟciƉants, ǁhereas other CVD risk Ĩactors ǁere unknoǁn͘  
Table 2 summariǌes ;ƉotenƟalͿ CVD risk Ĩactors comƉared ǁith ǁomen Ĩrom a Dutch 
reĨerence grouƉ divided into tǁo age-categories ;40–4ϵ and 50–5ϵ yearsͿ͘24 Tǁo BRCA1/2 
mutaƟon carriers ǁere eǆcluded Ĩrom this comƉarison because oĨ age above 5ϵ years͘ 
KoƉhorectomiǌed BRCA1/2 mutaƟon carriers did not diīer Ĩrom ǁomen oĨ the reĨerence 
grouƉ ǁith regard to MI, diabetes, TC, ,D>-C, and smoking͘ ,oǁever, BRCA1/2 mutaƟon 
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dĂďůĞ1CharacterisƟcs oĨ study ƉarƟciƉants
ŚĂƌĂĐƚĞƌŝƐƟĐƐ BRCA1/2ŵƵƚĂƟŽŶĐĂƌƌŝĞƌƐ
;Ŷс16ϱͿ
eŵoŐrapŚŝcƐ 
   Age, mean ;^DͿ, years 4ϵ͘6 ;4͘5Ϳ
   ,igher educaƟon, n ;йͿ 4ϵ ;2ϵ͘ϳͿ
Clŝnŝcal Ěata
   Time since RR^K, mean ;^DͿ, years ϵ͘ϵ ;3͘ϳͿ
   MedicaƟon, n ;йͿ
      lood Ɖressure-loǁering 10 ;6͘1Ϳ
      >iƉid-loǁering 8 ;4͘8Ϳ
      Glucose-loǁeringa 3 ;1͘8Ϳ
      ,ormone reƉlacement theraƉy 33 ;20͘0Ϳ
   Cardiovascular risk Ĩactors in Ɖregnancy, n ;йͿ 26 ;18͘3Ϳ
   Prior breast cancer treated ǁith CTͬRT, n ;йͿ 44 ;26͘ϳͿ
   &amily history oĨ Ɖremature CVD, n ;йͿ 32 ;1ϵ͘4Ϳ
   Current smoking, n ;йͿ 22 ;13͘3Ϳ
WŚǇƐŝcal eǆaŵŝnaƟon, ŵean ;^Ϳ
   ^ystolic blood Ɖressure, mm,g 112 ;11Ϳ
   Diastolic blood Ɖressure, mm,g ϳ0 ;8Ϳ
   ody mass indeǆ, kgͬm2 25͘3 ;4͘4Ϳ
   Waist-hiƉ raƟo 0͘82 ;͘06Ϳ
>aďoratorǇ Ěata, ŵean ;^Ϳ
   Total cholesterol, mmolͬl 5͘54 ;1͘11Ϳ
   ,D> cholesterol, mmolͬl 1͘60 ;0͘52Ϳ
   ,KMA-IR 1͘86 ;1͘50Ϳ
CT, chemotheraƉy͖ CVD, cardiovascular disease͖ ,D>, high-density liƉoƉrotein͖ ,KMA-IR, ,omeostaƟs Model 
Assessment–Insulin Resistance͖ RR^K, risk-reducing salƉingo-ooƉhorectomy, RT, radiotheraƉy͘  a Knly use oĨ oral 
blood glucose-loǁering medicaƟon͘
carriers had loǁer ^P ;mean diīerence 12 mm,g ΀ϵ5й CI 10, 14΁͖ p ф 0͘01Ϳ and DP ;mean 
diīerence ϳ mm,g ΀ϵ5й CI 5, ϵ΁͖ p ф 0͘01Ϳ͘ The Ɖresence oĨ hyƉercholesterolemia ǁas higher 
in ǁomen aged 40–4ϵ years, and less abdominal obesity and metabolic syndrome in ǁomen 
aged 50–5ϵ years ǁere observed comƉared ǁith the reĨerence grouƉ͘ 
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dĂďůĞ2Cardiovascular risk Ĩactors in BRCA1/2 mutaƟon carriers comƉared ǁith reĨerence grouƉ24 
AŐĞĐĂƚĞŐŽƌǇ 40ʹ49ǇĞĂƌƐ ϱ0ʹϱ9ǇĞĂƌƐ
AZSKZA
;Ŷс9ϯͿ
ZĞĨĞƌĞŶĐĞ
;Ŷсϱ18Ϳ
p-ǀĂůƵĞ AZSKZA
;Ŷс70Ϳ
ZĞĨĞƌĞŶĐĞ
;ŶсϱϱϯͿ
p-ǀĂůƵĞ
CarĚŝoǀaƐcular rŝƐŬ factorƐ, й
,yƉertension 6͘5 14͘ϳ ф0͘05 10͘0 31͘5 ф0͘01
Kbesitya 15͘1 10͘5 0͘20 1ϳ͘1 14͘ϵ 0͘63
Abdominal obesityb 31͘1 33͘2 0͘6ϵ 31͘ϵ 44͘3 ф0͘05
Metabolic syndrome 10͘8 1ϳ͘0 0͘14 13͘0 28͘8 ф0͘01
Diabetesc 1͘1 2͘3 0͘46 4͘3 5͘0 0͘80
,yƉercholesterolemiad 18͘3 10͘3 ф0͘05 30͘0 31͘ϵ 0͘ϳ5
Current smoking 14͘0 21͘3 0͘11 11͘4 20͘ϵ 0͘06
WŚǇƐŝcal eǆaŵŝnaƟon, ŵean ;^Ϳ
^P, mm,g 111 ;11Ϳ 120 ;14Ϳ ф0͘01 113 ;11Ϳ 12ϳ ;1ϳͿ ф0͘01
DP, mm,g ϳ1 ;ϵͿ ϳ5 ;10Ϳ ф0͘01 ϳ0 ;8Ϳ ϳ8 ;10Ϳ ф0͘01
ody mass indeǆ, kgͬm2 25͘5 ;4͘5Ϳ 24͘ϳ ;4͘3Ϳ 0͘12 24͘ϵ ;4͘5Ϳ 25͘ϳ ;4͘ϳͿ 0͘1ϳ
Waist circumĨerence 86͘2 ;10͘ϳͿ 84͘5 ;11͘3Ϳ 0͘16 85͘4 ;12͘2Ϳ 8ϳ͘8 ;11͘8Ϳ 0͘12
>aďoratorǇ Ěata, ŵean ;^Ϳ
Total cholesterol, mmolͬl 5͘42 ;1͘08Ϳ 5͘1ϵ ;0͘88Ϳ 0͘06 5͘ϳ0 ;1͘13Ϳ 5͘83 ;1͘03Ϳ 0͘36
,D> cholesterol, mmolͬl 1͘52 ;0͘36Ϳ 1͘48 ;0͘34Ϳ 0͘32 1͘ϳ1 ;0͘6ϳͿ 1͘5ϳ ;0͘3ϳͿ 0͘0ϵ
^P, systolic blood Ɖressure͖ DP, diastolic blood Ɖressure͖ ,D>, high-density liƉoƉrotein͘
a ody mass indeǆ ш 30 kgͬm2͖ b Waist circumĨerence ш 88 cm͖ c ReƉorted in ƋuesƟonnaire or ĨasƟng glucose ш ϳ͘0 
mmolͬl͖ d Total cholesterol ш 6͘5 mmolͬl andͬor liƉid-loǁering medicaƟon͘
SƵďĐůŝŶŝĐĂůĂƚŚĞƌŽƐĐůĞƌŽƐŝƐŵĞĂƐƵƌĞƐ
Mean CIMT in BRCA1/2 mutaƟon carriers ǁas 6ϵ2͘ϳ ʅm ;^D 8ϳ͘0, median 6ϳ5͘5, range 52ϳ͘5–
10ϳ3͘0Ϳ͘ Time since RR^K ǁas not associated ǁith CIMT in the age-adjusted model ;Table 
3Ϳ͘ Univariate associaƟons ǁere tested betǁeen age-adjusted CIMT and CVD risk Ĩactors, in 
ǁhich ^P, ,KMA-IR, TC, and MI ǁere signiĮcantly associated ǁith CIMT͘  AŌer adjustment 
Ĩor these addiƟonal Ĩactors, Ɵme since RR^K ǁas sƟll not associated ǁith CIMT ;Table 3Ϳ͘ 
Data on PWV analyses ǁere missing Ĩor 10 BRCA1/2 mutaƟon carriers, because oĨ arrhythmia 
;n с 1Ϳ and technical Ɖroblems ;n с ϵͿ͘ In 155 BRCA1/2 mutaƟon carriers, mean PWV ǁas 6͘40 
mͬs ;^D 1͘42, median 6͘01, range 4͘14–11͘ϳϵͿ͘ No associaƟon ǁas Ĩound betǁeen Ɵme since 
RR^K and age-adjusted PWV ;Table 3Ϳ͘ Univariate analysis Ĩor age-adjusted PWV shoǁed 
signiĮcant associaƟons ǁith ^P, TC, W,R, ,KMA-IR, and Ɖrior breast cancer treated ǁith 
chemotheraƉy andͬor radiotheraƉy͘  In linear regression analysis, Ɵme since RR^K ǁas not 
associated ǁith age-adjusted PWV aŌer adjustment Ĩor relevant CVD risk Ĩactors͘
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dĂďůĞϯAssociaƟon oĨ Ɵme since RR^K ǁith CIMT and PWV
/Dd;ʅŵͿΔ p-ǀĂůƵĞ Wts;ŵŵͬƐͿΔ p-ǀĂůƵĞ
Model 1a 1͘ϵ5 ;–2͘88, 6͘ϳ8Ϳ 0͘43 ϳ5͘1 ;–ϳ͘4, 15ϳ͘5Ϳ 0͘0ϳ
Model 2b 1͘03 ;–3͘ϳ2, 5͘ϳϳͿ 0͘6ϳ 55͘0 ;–24͘3, 134͘2Ϳ 0͘1ϳ
Model 3ac 0͘68 ;–4͘02, 5͘38Ϳ 0͘ϳϳ
Model 3bd 43͘ϵ ;–31͘ϳ, 11ϵ͘5Ϳ 0͘25
CIMT, caroƟd inƟma-media thickness͖ ,KMA-IR, ,omeostaƟs Model Assessment–Insulin Resistance͖ PWV, Ɖulse 
ǁave velocity͖ RR^K, risk-reducing salƉingo-ooƉhorectomy͘  ^ values reƉresent ɴ coeĸcients ;ϵ5йͿ oĨ linear 
regression analyses, reŇecƟng change in outcome Ɖer one year increase in Ɵme since RR^K͘
a adjusted Ĩor age͖ b adjusted Ĩor age and systolic blood Ɖressure͖ c adjusted Ĩor age, systolic blood Ɖressure, ,KMA-
IR, total cholesterol and body mass indeǆ͖ d adjusted Ĩor age, systolic blood Ɖressure, ,KMA-IR, total cholesterol, 
ǁaist-hiƉ raƟo and Ɖrior breast cancer treated ǁith chemotheraƉy andͬor radiotheraƉy
/SUSS/KN
In this relaƟvely young cohort oĨ ooƉhorectomiǌed BRCA1/2 mutaƟon carriers, Ɵme since 
RR^K ǁas not related to signs oĨ subclinical atherosclerosis as measured by CIMT and PWV͘  
In contrast, BRCA1/2 mutaƟon carriers Įve years or more aŌer RR^K had a relaƟvely healthy 
CVD risk ƉroĮle͘  
To our knoǁledge, ǁe are the Įrst grouƉ invesƟgaƟng Ɵme since early surgical menoƉause 
and signs oĨ subclinical atherosclerosis in BRCA1/2 mutaƟon carriers͘ Kur Įndings suƉƉort 
Ɖrevious studies indicaƟng that Ɵme since surgical menoƉause is not associated ǁith 
increased CIMT14,15͖ hoǁever, tǁo smaller studies Ĩound a small ƉosiƟve associaƟon͘16,1ϳ PWV 
and Ɵme since menoƉause have only been studied aŌer natural menoƉause, and shoǁed a 
signiĮcantly ƉosiƟve associaƟon͘25 
Generally, early menoƉause is Ƌuite consistently associated ǁith an increased risk Ĩor CVD 
and its mortality͘ 5,6 Prior studies on early surgical menoƉause ǁere ƉerĨormed Ɖredominately 
in ǁomen undergoing hysterectomy Ĩor benign diseases ǁith or ǁithout bilateral 
ooƉhorectomy͘  Cardiovascular beneĮts oĨ conserving ovaries are recently highlighted in 
ƉremenoƉausal ǁomen undergoing hysterectomy͘ 26,2ϳ ven a small ƉrotecƟve cardiovascular 
eīect might outǁeigh the ƉotenƟal loǁ risk oĨ ovarian cancer in the general ƉoƉulaƟon͘ 
,oǁever, BRCA1/2 mutaƟon carriers have to be disƟnguished Ĩrom the general ƉoƉulaƟon 
because oĨ their elevated ovarian cancer risk ;uƉ to 40йͿ, and they also may diīer ǁhen CVD 
risks are concerned͘ Women undergoing hysterectomy seem to have a more unĨavorable CVD 
risk ƉroĮle at baseline͘28,2ϵ In contrast, an healthier CVD risk ƉroĮle ǁas observed Ɖreviously 
in ǁomen ǁho underǁent RR^K͘30 These authors suggested that selĨ-selecƟon oĨ healthier 
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ǁomen seeking RR^K and their changes in liĨestyle aŌer surgery may Ɖlay an imƉortant role͘30 
The Įndings on healthier CVD risk ƉroĮle are in accordance ǁith our results͘
ComƉaring CVD risk Ĩactors oĨ BRCA1/2 mutaƟon carriers ǁith ǁomen Ĩrom the reĨerence 
grouƉ24, loǁer ^P and DP ǁere Ĩound in BRCA1/2 mutaƟon carriers͘ &urthermore, a loǁer 
Ɖrevalence oĨ abdominal obesity and metabolic syndrome ǁas observed͘ Possible eǆƉlanaƟons 
could be diīerences in blood Ɖressure assessment ;ƉosiƟon, ĨreƋuency, duraƟon oĨ restͿ, as 
ǁell as a healthier CVD risk ƉroĮle aŌer RR^K as menƟoned above͘30 A considerably loǁer 
blood Ɖressure may counteract in the develoƉment oĨ subclinical atherosclerosis͘ &rom the 
literature, results on changes in CVD risk Ĩactors by hysterectomy ǁith bilateral ooƉhorectomy 
diverge Ĩrom no changes28,31 to increased MI and higher total and >D>-cholesterol͘ϳ,32 
,ealthy liĨestyle is the cornerstone Ĩor CVD ƉrevenƟon, as highlighted in the uroƉean 
guideline Ĩor CVD ƉrevenƟon,22 and this certainly accounts Ĩor ǁomen at middle age͘ 
In BRCA1/2 mutaƟon carriers, interest in healthy liĨestyle is Ĩocusing mainly on cancer 
ƉrevenƟon͘ In the general ƉoƉulaƟon, liĨestyle intervenƟons, such as ǁeight control, healthy 
diet, and Ɖhysical acƟvity, have been shoǁn to loǁer the breast cancer risk͘33 Combined ǁith 
our results, it suƉƉorts the imƉortance oĨ ƉromoƟng a healthy liĨestyle in BRCA1/2 mutaƟon 
carriers͘ 
Considering the relaƟvely recent discovery oĨ germline BRCA1/2 mutaƟons only tǁo decades 
ago, no data on clinical CV endƉoints are yet available aŌer ƉremenoƉausal RR^K͘ ThereĨore, 
ǁe used CIMT and PWV as established alternaƟve endƉoints Ĩor CV events, and indeƉendent 
Ɖredictors Ĩor CVD morbidity and mortality͘ 12,13 Another ǁell-established method, coronary 
artery calcium scoring ǁith comƉuted tomograƉhy, is associated strongly ǁith the long-term 
risk oĨ CVD mortality in young- and middle-aged ǁomen͘34 ,oǁever, ioniǌing radiaƟon ;both 
diagnosƟc and theraƉeuƟcͿ is a ǁell-knoǁn risk Ĩactor Ĩor the develoƉment oĨ Ɖrimary breast 
cancer ǁith a ƉosiƟve dose-risk relaƟon modiĮed by age, and sƉecial cauƟon is advised in 
young BRCA1/2 mutaƟon carriers͘35 
Determining the role oĨ menoƉause in the Ɖathogenesis or Ɖrogression oĨ CVD is comƉleǆ given 
the eīects oĨ aging on the CV system and its relaƟonshiƉ to CVD risk Ĩactors͘ The inŇuence 
oĨ menoƉause may become less Ɖronounced than Ɖreviously suƉƉosed͘ It is suggested that 
early natural menoƉause may be caused Ɖredominantly by an intrinsic elevated CVD risk͘36 
&urthermore, heart disease mortality in ǁomen increased eǆƉonenƟally throughout all ages 
ǁith no acceleraƟon at menoƉause͘3ϳ Recently, menoƉausal status and chronological aging 
ǁere Ĩound to be both associated indeƉendently ǁith CVD risk Ĩactors, ǁith a more marked 
role Ĩor the laƩer͘ ϳ 
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Kur results must be interƉreted in the conteǆt oĨ several limitaƟons͘ The cross-secƟonal 
design Ɖrecludes invesƟgaƟng causality͘  The lack oĨ a control grouƉ Ĩor measures oĨ subclinical 
atherosclerosis is another limitaƟon͘ Using an eǆternal reĨerence cohort to comƉare CVD 
risk Ĩactors has some disadvantages, such as ƉotenƟal diīerences in measurements and 
laboratory analysis͘ Kur results may not be generaliǌed to all ooƉhorectomiǌed BRCA1/2 
mutaƟon carriers, because oĨ the inclusion oĨ almost eǆclusively ǁhite Caucasian ǁomen͘ 
Time since RR^K ǁas sƟll rather short ǁith a relaƟvely young age oĨ the study grouƉ͘ 
ThereĨore, inĨormaƟon on CV events ǁas not available yet͘ 
In conclusion, the Ɖresent study shoǁed no relaƟon betǁeen Ɵme since RR^K and signs 
oĨ subclinical atherosclerosis as measured by CIMT and PWV in ooƉhorectomiǌed BRCA1/2 
mutaƟon carriers͘ A relaƟvely healthy CVD risk ǁith a considerable loǁer blood Ɖressure 
ǁas observed͘ &rom our data, it seems unlikely that RR^K at the age oĨ  45 years or younger 
in BRCA1/2 mutaƟon carriers has a major contribuƟon to the CVD risk͘ ,oǁever, addiƟonal 
studies ǁith longer Ĩolloǁ-uƉ are reƋuired to Ɖrovide more insight in clinical CV events aŌer 
RR^K͘ 
A<NKt>'DNdS
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^ince the discovery oĨ mutaƟons in the BRCA1/2 genes more than tǁo decades ago, major 
Ɖrogression is accomƉlished in reducing breast and ovarian cancer risks through ƉrevenƟve 
strategies and imƉroving Ɖrognosis by early detecƟon methods͘ To reduce the risk oĨ ovarian 
cancer, risk-reducing salƉingo-ooƉhorectomy ;RR^KͿ is currently the only eīecƟve strategy͘  
esides the imƉeraƟve Ĩocus on risk reducƟon and DNA diagnosƟcs, the eīects oĨ risk-
reducing surgery in BRCA1/2 mutaƟon carriers merit to receive aƉƉroƉriate aƩenƟon in a 
more comƉrehensive ǁay͘  In the Netherlands, healthcare Ĩor BRCA1/2  mutaƟon carriers 
is organiǌed in mulƟdisciƉlinary teams͘ To Ĩurther oƉƟmiǌe the mulƟdisciƉlinary care, 
ongoing criƟcal consideraƟon oĨ this netǁork is needed ǁith resƉect to intensiĨying current 
connecƟons andͬor making neǁ connecƟons to other disciƉlines͘ This thesis Ĩocuses on 
diīerent connecƟons related to ovarian cancer risk reducƟon in BRCA1/2 mutaƟon carriers͘ 
In this chaƉter, the main Įndings oĨ this thesis are Ɖresented and discussed Ĩrom the 
ƉersƉecƟve oĨ innovaƟons in healthcare, mental health, and cardiovascular health͘ 
Methodological consideraƟons are shared, and imƉlicaƟons Ĩor Ĩuture research and clinical 
ƉracƟce are suggested͘ 
DA/N&/N/N'S
 
ͻ  ^ ystemaƟcally revieǁing the literature on the overall Ɖrobability oĨ Įnding a 
germline BRCA1/2 mutaƟon in ǁomen ǁith eƉithelial ovarian cancer has led to the 
recommendaƟon to reĨer all these ǁomen Ĩor germline BRCA1/2 mutaƟon tesƟng͘ 
ͻ  &amily cancer history taking has added value in geneƟc counseling oĨ ǁomen 
aged 40 years or younger at diagnosis oĨ eƉithelial ovarian cancer, because Ɖrior 
Ɖrobability oĨ Įnding a germline BRCA1/2 mutaƟon is largely determined by Ĩamily 
history͘  
ͻ  ased on groǁing evidence Ĩor the ĨalloƉian tube as the site oĨ origin oĨ sereus 
ovarian carcinoma, together ǁith side-eīects oĨ early surgical menoƉause, an 
innovaƟve risk-reducing strategy is ƉroƉosed, consisƟng oĨ salƉingectomy ǁith 
delayed ooƉhorectomy͘  Among BRCA1/2 mutaƟon carriers and ƉroĨessionals, the 
uncertainty about the eīect is the main barrier against this innovaƟve strategy͘  An 
imƉortant Ĩacilitator is the delay oĨ the menoƉause͘ 
ͻ  The majority oĨ BRCA1/2 mutaƟon carriers and ƉroĨessionals are ǁilling to ƉarƟciƉate 
in a study comƉaring RR^K ǁith risk-reducing salƉingectomy Ĩolloǁed by delayed 
ooƉhorectomy͘  A non-randomiǌed study is ƉreĨerred to a randomiǌed study͘
ͻ  BRCA1/2 mutaƟon carriers and ƉroĨessionals have contributed to the design oĨ 
the Ɖrotocol oĨ the TUA study͘  The TUA study is a mulƟcenter ƉrosƉecƟve 
non-randomiǌed controlled trial invesƟgaƟng menoƉause-related Ƌuality oĨ liĨe 
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aŌer standard RR^K comƉared to risk-reducing salƉingectomy ǁith delayed 
ooƉhorectomy͘  
ͻ  >oǁer Ƌuality oĨ liĨe is related to higher demoraliǌaƟon in ooƉhorectomiǌed BRCA1/2 
mutaƟon carriers͘ 
ͻ  ^ elĨ-comƉassion, being a teachable skill in selĨ-kindness to one s͛ oǁn suīering, and 
Ɖhysical Įtness are associated ǁith higher menoƉause-related Ƌuality oĨ liĨe aŌer 
RR^K͘
ͻ  ased on the literature, it can be concluded that BRCA1/2 mutaƟon carriers are 
ƉotenƟally at higher cardiovascular risk than the general ƉoƉulaƟon͘ 
ͻ  Time since RR^K is not associated ǁith signs oĨ subclinical atherosclerosis at 
intermediate-term Ĩolloǁ-uƉ͘ A relaƟvely healthy cardiovascular risk ƉroĮle is 
observed in BRCA1/2 mutaƟon carriers ǁho underǁent RR^K at age 45 years or 
younger͘  
KsAZ/ANANZZ/S<ZUd/KNDdS/NNKsAd/KN/N,A>d,AZ
RisŬͲreduĐing salpingeĐtomy ǁith delayed oophoreĐtomy
Ɖithelial ovarian cancer ;KCͿ is the most lethal gynaecological cancer͘  The most common 
subtyƉe is high-grade serous KC, esƉecially among BRCA1/2 mutaƟon carriers͘ The eƟology 
oĨ KC remains greatly unknoǁn, but Ɖrogress is being made͘ Recent insights Ɖrovide 
evidence that the ĨalloƉian tube may be the site oĨ origin oĨ serous KC͘1,2 Combined ǁith 
side eīects oĨ early menoƉause due to RR^K at recommended age ;BRCA1 35–40 years͖ 
BRCA2 40–45 yearsͿ, the idea Ĩor an innovaƟve strategy has been Ɖostulated in this thesis, 
consisƟng oĨ risk-reducing salƉingectomy ;RR^Ϳ and delaying ooƉhorectomy ;RRKͿ͘ ^everal 
authors have Ɖreviously Ɖaid aƩenƟon to this strategy͘ 3-6 When considering Ƌuality-adjusted 
liĨe eǆƉectancy, RR^ ǁith delayed RRK is a cost-eīecƟve strategy͘ 4 
The intenƟon to study the innovaƟve strategy has generated a need Ĩor insight in doubts 
and draǁbacks Ĩrom the ƉersƉecƟve oĨ both BRCA1/2 mutaƟon carriers and ƉroĨessionals͘ 
It is oĨ great imƉortance, esƉecially in research on innovaƟons in healthcare, to develoƉ a 
ǁidely suƉƉorted study Ɖrotocol ǁith the inƉut oĨ both ƉaƟents and diīerent healthcare 
ƉroĨessionals͘ PaƟent ƉarƟciƉaƟon is in general acceƉted in daily medical ƉracƟce, and is 
sloǁly introduced in broader conteǆt oĨ ƉaƟent involvement in designing and imƉlemenƟng 
research͘ϳ,8 The ƉroƉosed strategy consists oĨ RR^ ǁhen childbearing is comƉleted and delayed 
RRK uƉ to Įve years beyond the currently recommended age oĨ RR^K͘ BRCA1/2 mutaƟon 
carriers and ƉroĨessionals have underlined diīerent relevant asƉects related to this strategy 
;chaƉter 4Ϳ͘ϵ Tǁo major themes are saĨety oĨ RR^ ǁith delayed RRK, and menoƉause-related 
Ƌuality oĨ liĨe aŌer RR^K͘ Kther imƉortant Įndings are the ǁillingness to ƉarƟciƉate, and 
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the convicƟon that a non-randomiǌed study is ƉreĨerred to a randomiǌed study͘  To consider 
study ƉarƟciƉaƟon, the Ɖossibility to make Ɖersonal choices in treatment is crucial͘ A ƉaƟent 
decision aid to suƉƉort this comƉleǆ Ɖrocess oĨ decision making is develoƉed and considered 
Ĩeasible, although its eīecƟveness in imƉroving decision making has to be studied yet͘10 
The main concern oĨ the innovaƟve strategy is saĨety in terms oĨ the eīect on ovarian cancer 
risk reducƟon͘ ,oǁever, using ovarian cancer incidence as main outcome measure seems 
largely unĨeasible͘ When considering a randomiǌed controlled trial oĨ eƋuivalence betǁeen 
RR^K and RR^ alone, others calculated that almost 4000 BRCA1 mutaƟon carriers should be 
reƋuired in each arm assuming ϵ5й risk reducƟon oĨ RR^K͘11 &or BRCA2 mutaƟon carriers 
a higher inclusion rate is needed due to the loǁer incidence oĨ ovarian cancer͘  To gain 
more insight in the ƉotenƟal risk, cumulaƟve ovarian cancer risks are esƟmated in diīerent 
scenarios in a modeling study using Coǆ ƉroƉorƟonal haǌard ǁith data Ĩrom the literature͘12 
The diīerences betǁeen RR^K and RR^ ǁith delayed RRK are small ǁhen RRK is delayed by 
Įve years, even ǁhen RR^ ǁould be comƉletely ineīecƟve in reducing the ovarian cancer 
risk͘12 Previous studies have reƉorted a breast cancer risk reducƟon oĨ aƉƉroǆimately 50й 
aŌer RR^K in BRCA1/2 mutaƟon carriers͘ PostƉoning this eīect ǁas regarded as an imƉortant 
disadvantage oĨ RR^ ǁith delayed RRK͘ ,oǁever, a recent study, using an alternaƟve 
analyƟcal method to minimiǌe ƉotenƟal sources oĨ selecƟon bias, Ĩound no evidence Ĩor 
breast cancer risk reducƟon aŌer RR^K͘13 All together, saĨety remains an imƉortant asƉect 
needing long-term Ĩolloǁ-uƉ and large numbers oĨ ƉarƟciƉants͘ ,oƉeĨully, internaƟonal 
collaboraƟons could combine the data on the eīect oĨ RR^ ǁith delayed RRK on ovarian 
cancer risk reducƟon͘
Combining all abovemenƟoned asƉects, the Ɖrotocol oĨ the TUA study has been designed, 
ǁhich is a mulƟcenter ƉrosƉecƟve non-randomiǌed controlled trial ;chaƉter 5Ϳ͘14 The study 
has started in 2015 ǁith menoƉause-related Ƌuality oĨ liĨe as main outcome measure, and 
saĨety as one oĨ the second outcome measures͘ Currently, over 200 oĨ the Ɖlanned 510 
BRCA1/2 mutaƟon carriers are included͘ Kther studies on RR^ ǁith delayed RRK Ĩocus on 
diīerent asƉects͘ In the United ^tates, the Women Choosing ^urgical PrevenƟon ;WI^PͿ 
Trial is invesƟgaƟng seǆual ĨuncƟoning in ǁomen at high ovarian cancer risk comƉaring RR^ 
ǁith delayed RRK to RR^K͖ Ƌuality oĨ liĨe is a secondary outcome measure ;NCT02ϳ6084ϵͿ͘ 
The same research grouƉ is also evaluaƟng the comƉliance ǁith RR^ ǁith delayed RRK 
;NCT01ϵ0ϳϳ8ϵͿ͘ A &rench study grouƉ eǆamines the rate oĨ Ɖelvic cancer occurring betǁeen 
radical Įmbriectomy and menoƉause in BRCA1/2 mutaƟon carriers ǁho are reluctant to 
undergo RR^K ;NCT016080ϳ4Ϳ͘6  
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eteĐƟon of BRCA1/2 mutaƟon Đarriers
To increase the number oĨ ǁomen ǁho ǁill beneĮt Ĩrom ovarian cancer risk reducƟon, 
detecƟon oĨ BRCA1/2 mutaƟon carriers should be Ĩurther oƉƟmiǌed͘ About one in 400 
;0͘25йͿ oĨ the ƉoƉulaƟon carry mutated BRCA1 or BRCA2 genes͘15 <noǁledge oĨ mutaƟon 
status Ɖrovides oƉƉortuniƟes Ĩor risk-reducing strategies to handle elevated breast and 
ovarian cancer risks Ĩor both ƉaƟents and their relaƟves͘ Noǁadays, it may also inŇuence the 
treatment in KC ƉaƟents͘ The recommendaƟon to reĨer all ǁomen ǁith KC Ĩor germline 
BRCA1/2 mutaƟon tesƟng ǁill make a valuable contribuƟon to increase the detecƟon oĨ 
BRCA1/2 mutaƟon carriers ;chaƉter 2Ϳ͘16 ut more innovaƟve strategies are needed, and 
research herein is yet in Ɖrogress͘ BRCA tesƟng in KC tumor Ɵssue ǁill add an imƉortant 
imƉrovement͘ It ǁill Ɖrovide a more eĸcient and eƋual oƉƉortunity to idenƟĨy ǁomen at 
risk Ĩor carrying a germline BRCA1/2 mutaƟon͘ &urthermore, tumor tesƟng makes it Ɖossible 
to detect both somaƟc and germline BRCA1/2 mutaƟons͘ This ǁill increase the number oĨ 
ǁomen ǁho ǁill beneĮt Ĩrom more tailored theraƉy, such as Poly;ADP-riboseͿ Ɖolymerase 
;PARPͿ inhibitors͘1ϳ,18 Neǁ techniƋues based on targeted neǆt-generaƟon seƋuencing have 
conĮrmed reliable detecƟon oĨ both germline and somaƟc aberraƟon aīecƟng BRCA1 and 
BRCA2 in DNA derived Ĩrom KC Ɵssue͘1ϵ,20 In the Ĩuture, ǁhen BRCA tesƟng in KC tumor 
Ɵssue ǁill be Ĩully imƉlemented, adeƋuately obtaining cancer Ĩamily history ǁill Ɖersist 
relevant in clinical ƉracƟce to idenƟĨy Ĩamilies at risk oĨ Ĩamilial ovarian cancer or other 
hereditary syndromes͘21-23
/ŵƉůŝĐĂƟŽŶĨŽƌĐůŝŶŝĐĂůƉƌĂĐƟĐĞ
UnƟl its saĨety and eĸcacy is knoǁn, RR^ ǁith delayed RRK in BRCA1/2 mutaƟon carriers 
should only be ƉerĨormed under ƉrotecƟon oĨ clinical trials͘
&or noǁ, germline BRCA1/2 mutaƟon tesƟng is indicated in every ƉaƟent ǁith eƉithelial 
ovarian cancer, based on both the Ɖrobability oĨ Įnding a mutaƟon and the oƉƟons Ĩor 
treatment and ƉrevenƟon͘ This recommendaƟon is consistent ǁith the Dutch guideline on 
,ereditary Kvarian Cancer, and it should be included in the Dutch guideline on Ɖithelial 
Kvarian Cancer ;dated Ĩrom 2012Ϳ as ǁell͘
KsAZ/ANANZZ/S<ZUd/KNDdSDNdA>,A>d,
BRCA1/2 mutaƟon carriers ǁho had risk-reducing mastectomy and RR^K have reduced their 
breast and ovarian cancer risks to ƉoƉulaƟon-based risks͘ ThereĨore, sƉecialiǌed care generally 
stoƉs aŌer these tǁo surgeries͘ Is the need Ĩor care, Ĩrom both Ɖhysical and Ɖsychological 
ƉersƉecƟves, indeed Įnished in these ooƉhorectomiǌed BRCA1/2 mutaƟon carriers͍ 
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Mental health seems to deƉend on an individual s͛ ability to mentally coƉe ǁith, transĨorm, 
and Įnd meaningĨul lessons Ĩrom stressors and liĨe s͛ challenges͘ It encomƉasses both 
negaƟve and ƉosiƟve dimensions͘ NegaƟve mental health Ĩocuses on ƉsychoƉathology͘  
PosiƟve mental health emƉhasiǌes the Ɖresence oĨ oƉƟmal ǁell-being in addiƟon to absence 
oĨ ƉsychoƉathology͘  vidence is increasing that the role oĨ ƉosiƟve Ɖsychology may beneĮt 
several health outcomes͘ In ooƉhorectomiǌed BRCA1/2 mutaƟon carriers, mental health is 
mainly eǆamined on Ɖresence or absence oĨ ƉsychoƉathology͘  General anǆiety and deƉression 
are not aīected by RR^K͖ cancer-related ǁorries decrease aŌerǁards͘ MenoƉause-sƉeciĮc 
Ƌuality oĨ liĨe may be negaƟvely aīected in ƉremenoƉausal ǁomen at Ɵme oĨ RR^K͘24 
In cancer research, groǁing evidence shoǁs that eǆistenƟal distress occurs ĨreƋuently 
across the cancer trajectory, maniĨesƟng in diīerent Ĩorms such as Ĩear oĨ recurrence, death 
anǆiety, loss oĨ dignity, and demoraliǌaƟon͘ When eǆƉeriencing Ɖersistent inability to coƉe 
ǁith a stressor event, such as advanced illness, ƉaƟents may become demoraliǌed͘ It is 
characteriǌed by Ĩeelings oĨ Ĩailure and hoƉelessness, and loss oĨ meaning and ƉurƉose in 
liĨe͘25 A substanƟal minority oĨ ooƉhorectomiǌed BRCA1/2 mutaƟon carriers is demoraliǌed, 
ǁhich is associated ǁith loǁer Ƌuality oĨ liĨe and higher levels oĨ anǆiety and Ɖhysical Ɖroblems 
;chaƉter 6Ϳ͘26 ,ealthcare ƉroĨessionals becoming aǁare oĨ the conceƉt oĨ demoraliǌaƟon, to 
be disƟnguished Ĩrom deƉression, could be helƉĨul in taking the iniƟaƟve to restore the morale 
by emƉathic listening, and ǁhen needed reĨer Ĩor eǆtra suƉƉort͘ esides, medicaliǌaƟon oĨ a 
mostly normal reacƟon should be Ɖrevented, as ǁell as unƉaid aƩenƟon ǁhich could induce 
the suīering͘ &rom a more bioƉsychosocial ƉersƉecƟve, aƩenƟon is desirable Ĩor loǁer 
morale in BRCA1/2 mutaƟon carriers Ɖossibly due to BRCA1/2-related liĨe events͘
Climacteric symƉtoms, consisƟng oĨ Ɖsychological, somaƟc, vasomotor and seǆual symƉtoms, 
may negaƟvely aīect Ƌuality oĨ liĨe to a diīerent eǆtent͘ ,ormone reƉlacement theraƉy ;,RTͿ 
may have a ƉosiƟve eīect on vasomotor symƉtoms aŌer RR^K, but may not alleviate all 
symƉtoms, esƉecially not seǆual dysĨuncƟon͘ esides, ,RT is contraindicated in BRCA1/2 
mutaƟon carriers ǁith Ɖrior breast cancer͘  ThereĨore, other oƉƟons to relieve climacteric 
symƉtoms are desirable͘ Personal ƉosiƟve resources, such as selĨ-comƉassion and Ɖhysical 
Įtness, may serve to deal ǁith these symƉtoms͘ ^elĨ-comƉassion is described as being oƉen 
to and moved by one s͛ oǁn suīering, and being kind to oneselĨ ǁhen dealing ǁith diĸcult 
eǆƉeriences͘2ϳ It is a skill that can be easily taught by training Ɖrograms͘28 In ooƉhorectomiǌed 
BRCA1/2 mutaƟon carriers, being selĨ-comƉassionate and Ɖhysically Įt are associated ǁith 
Ĩeǁer climacteric symƉtoms, esƉecially Ɖsychological and somaƟc symƉtoms ;chaƉter ϳͿ͘2ϵ 
PosiƟve ǁell-being, such as selĨ-comƉassion, may be largely unaīected by menoƉause͖ 
thereĨore, it may serve as a resilience Ĩactor in this Ɖeriod͘30 CulƟvaƟng selĨ-comƉassion may be 
an aƩracƟve alternaƟve to reduce the burden oĨ climacteric symƉtoms in BRCA1/2 mutaƟon 
carriers͘ Currently, it is studied ǁhether mindĨulness training is eīecƟve Ĩor menoƉausal 
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symƉtoms in BRCA1/2 mutaƟon carriers ;NCT023ϳ2864Ϳ͘ MindĨulness is one oĨ the three 
comƉonents oĨ selĨ-comƉassion, together ǁith selĨ-kindness and common humanity͘  
/ŵƉůŝĐĂƟŽŶĨŽƌĨƵƚƵƌĞƌĞƐĞĂƌĐŚ
To beƩer understand the Ɖsychological inŇuences oĨ being a BRCA1/2 mutaƟon carrier, also 
aŌer risk-reducing surgery, a more comƉrehensive insight in ƉosiƟve and negaƟve mental 
health asƉects is desirable͘ Which BRCA-related Ĩactors may contribute to losing and restoring 
morale͍ ,oǁ could ƉosiƟve resources, such as selĨ-comƉassion, suƉƉort BRCA1/2 mutaƟon 
carriers͍ ǆƉloraƟve ƋualitaƟve research in BRCA1/2 mutaƟon carriers is valuable to broaden 
the knoǁledge oĨ the conceƉts oĨ demoraliǌaƟon and selĨ-comƉassion͘ esides, Ĩuture 
research is needed to conĮrm the relaƟonshiƉ betǁeen selĨ-comƉassion and climacteric 
symƉtoms, and to invesƟgate the eīect oĨ a comƉassion based mindĨulness training in a 
ƉrosƉecƟve study͘
KsAZ/ANANZZ/S<ZUd/KNDdSAZ/KsASU>AZ,A>d,
Cardiovascular disease ;CVDͿ is the leading cause oĨ death in ǁomen͘31 The largest burden 
oĨ CVD is determined by coronary artery disease ;CADͿ, stroke, and heart Ĩailure͘ Increasing 
aƩenƟon is Ɖaid to the seǆ-related diīerences in CVD͖ although, the underlying mechanisms 
are sƟll not ǁell understood͘ In an aƩemƉt to eǆƉlain these diīerences, several Ĩemale 
reƉroducƟve Ĩactors have been studied, shoǁing an associaƟon betǁeen early ;surgicalͿ 
menoƉause and increased risk oĨ CVD͘32,33 The eīect oĨ early menoƉause is most aƉƉarent 
in CAD and CVD mortality ǁithout an eīect on stroke͖ but, evidence oĨ the negaƟve eīect 
on heart Ĩailure is increasing͘34 In BRCA1/2 mutaƟon carriers, the associaƟon betǁeen CVD 
and RR^K has not been directly studied yet͘ BRCA1/2 mutaƟon carriers are ƉotenƟally at 
higher cardiovascular risk than the general ƉoƉulaƟon due to early surgical menoƉause, 
cardiotoǆicity oĨ adjuvant breast cancer treatment, and the Ɖossible ĨuncƟon oĨ the RCA 
genes itselĨ ;chaƉter 8Ϳ͘35 Data on cardiovascular events are not yet available, because 
mutaƟons in BRCA genes are discovered only tǁo decades ago͘ BRCA1/2 mutaƟon carriers 
ǁho underǁent RR^K beĨore the age oĨ 40 years, are noǁ maǆimally 60 years old͘   
^uďĐliniĐal atherosĐlerosis aŌer risŬͲreduĐing salpingoͲoophoreĐtomy
To get inĨormed on the Ɖossible CVD risk aŌer RR^K, signs oĨ subclinical atherosclerosis 
can be measured, knoǁn to be strongly associated ǁith CVD and its mortality͘ 36,3ϳ A cross-
secƟonal study has been ƉerĨormed on signs oĨ subclinical atherosclerosis as measured by 
common caroƟd inƟma-media thickness ;CIMTͿ and Ɖulse ǁave velocity ;PWVͿ ;chaƉter ϵͿ͘ 
No associaƟon is Ĩound betǁeen Ɵme since RR^K and signs oĨ subclinical atherosclerosis 
in BRCA1/2 mutaƟon carriers at intermediate-term Ĩolloǁ-uƉ͘ There may be diīerent 
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eǆƉlanaƟons Ĩor not Įnding an associaƟon͘ &irst oĨ all, Ɵme since RR^K might be too short to 
be reŇected in subclinical atherosclerosis measurements͘ The develoƉment oĨ atherosclerosis 
is gradual and may need a longer Ɖeriod oĨ Ɵme͘ 
^econdly, the relaƟon betǁeen early menoƉause and subclinical atherosclerosis may 
not be most accurately reŇected by Ɵme since RR^K͘ Meta-analyses reƉorted that age at 
menoƉause ;ф45 yearsͿ leads to higher CVD risk, ǁith a more Ɖronounced eīect aŌer surgical 
menoƉause͘32,33 Time since menoƉause is less ĨreƋuently studied ǁith inconsistent results͘33 
Thirdly, the role oĨ menoƉause in develoƉment oĨ CVD may be less Ɖronounced than Ɖreviously 
eǆƉected͘ Chronological ageing in ǁomen is oĨ major imƉortance in the develoƉment oĨ CVD, 
Ɖrobably more than menoƉause͘38 &urthermore, it has been suggested that an increased 
cardiovascular risk ƉroĮle Ɖromotes early menoƉause, rather than early menoƉause 
inŇuences the develoƉment oĨ CVD͘3ϵ 
&inally, considering ƉrevenƟve eīects oĨ liĨestyle is imƉortant͘ DeveloƉment oĨ atherosclerosis 
deƉends on mulƟƉle Ĩactors, including cardiovascular risk Ĩactors and geneƟcs, and its mutual 
interacƟons͘ ǆƉosure to cardiovascular risk Ĩactors, such as obesity, hyƉertension, liƉid 
disorders, smoking, and diabetes, has large inter-individual variaƟon in the develoƉment oĨ 
atherosclerosis and subseƋuent CVD events͘ Could a Ɖossible negaƟve eīect oĨ RR^K at age 
45 years or younger on CVD be Ɖartly counteracted by a healthier liĨestyle͍ A considerably 
loǁer blood Ɖressure and abdominal obesity are observed in BRCA1/2 mutaƟon carriers oĨ 
our study comƉared to Dutch age-matched ǁomen Ĩrom the general ƉoƉulaƟon͘ A healthier 
CVD risk ƉroĮle has Ɖreviously been reƉorted in ǁomen aŌer RR^K͘40 ^ elĨ-selecƟon oĨ ǁomen 
ǁho undergo RR^K, liĨestyle changes aŌer RR^K and survival bias may have contributed to 
this healthier ƉroĮle͘40 The Įrst menƟoned Ĩactor is not aƉƉlicable to Dutch BRCA1/2 mutaƟon 
carriers, because almost all ǁill undergo RR^K͘41,42 Generally, it is knoǁn that healthy liĨestyle, 
containing no-smoking, regular Ɖhysical acƟvity, and a healthy diet, has a ƉosiƟve inŇuence in 
the develoƉment oĨ both cancer and CVD͘43,44 Data on liĨestyle in BRCA1/2 mutaƟon carriers 
are limited͘ In Germany, a randomiǌed intervenƟon trial is currently in ƉreƉaraƟon ǁhich ǁill 
assess ǁhether a long-term mulƟ-Ĩactorial liĨestyle intervenƟon Ɖrogram, including eǆercise 
training and Mediterranean diet, ǁill reduce the breast cancer incidence and mortality in 
BRCA1/2 mutaƟon carriers ;NCT02516540Ϳ͘45 
Kther potenƟal ĐardioǀasĐular risŬs in BRCA1/2 mutaƟon Đarriers
As abovemenƟoned, other Ĩactors besides ƉremenoƉausal RR^K may contribute to 
cardiovascular health in BRCA1/2 mutaƟon carriers͘ A substanƟal Ɖart oĨ these ǁomen are 
diagnosed ǁith breast cancer, and treated ǁith chemotheraƉy andͬor radiotheraƉy͘  These 
treatments are considered to have cardiotoǆic eīects͘ ^tudies on cardiotoǆicity in BRCA1/2 
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mutaƟon carriers aŌer anthracycline-based chemotheraƉy Ĩor breast cancer are inconsistent, 
Ɖossibly due to small numbers and retrosƉecƟve designs͘46-48 ǆcluding BRCA1/2 mutaƟon 
carriers ǁith Ɖrior breast cancer in research on CVD is not ƉreĨerable, and ǁill cause a missed 
oƉƉortunity to study all carriers, including those ǁho are ƉotenƟally at higher CVD risk͘ In 
addiƟon, it is suggested that BRCA1/2 mutaƟons may have unknoǁn eīect on non-cancer 
related diseases͘4ϵ BRCA1/2 mutaƟon carriers have a loǁer liĨe eǆƉectancy in the absence oĨ 
breast, ovarian and ƉancreaƟc cancer and melanoma͘4ϵ DeĨects in the DNA reƉair mechanisms 
and its eīect on CVD is gaining more aƩenƟon͘50 Animal studies suggest a Ɖossible relaƟon oĨ 
BRCA1/2 mutaƟons and CVD51,52͖ although, Ĩurther research to conĮrm this and translaƟng it 
into humans is deĮnitely needed͘ 
 
/ŵƉůŝĐĂƟŽŶĨŽƌĨƵƚƵƌĞƌĞƐĞĂƌĐŚ
&olloǁ-uƉ studies reƉorƟng on cardiovascular endƉoints aŌer ƉremenoƉausal RR^K are 
ǁarranted, but it ǁill take Ɵme to collect these data in these relaƟvely young ǁomen͘ 
Meanǁhile research should also Ĩocus on idenƟĨying elevated CVD risk in individual BRCA1/2 
mutaƟon carriers͘ What ǁould be the best method͍ >ongitudinal studies measuring CVD risk 
Ĩactors, including liĨestyle, beĨore and reƉeatedly aŌer RR^K may helƉ to Ɖrovide more insight 
on the eīects oĨ RR^K͘ The TUA study collects ƉrosƉecƟve longitudinal data on CVD risk 
Ĩactors ;blood Ɖressure, body comƉosiƟon, and liƉid ƉroĮleͿ͖ although, these ƉarƟciƉaƟng 
BRCA1/2 mutaƟon carriers are very young, and measures oĨ subclinical atherosclerosis are 
not included͘ Recently, a grant ƉroƉosal is aǁarded by the Dutch Cancer ^ociety Ĩor research 
on Ĩavorable and unĨavorable eīects oĨ RR^K in BRCA1/2 mutaƟon carriers, including 
cardiovascular health͘ 
Are CIMT and PWV the most aƉƉroƉriate measures to detect vascular damage aŌer RR^K͍ 
Measuring subclinical atherosclerosis reƉresents the Įnal result oĨ risk Ĩactor eǆƉosure and 
geneƟc susceƉƟbility, and thereĨore has advantage above only measuring CVD risk Ĩactors͘ 
&urthermore, increased CIMT and PWV are strongly associated ǁith CVD, also in middle-
aged ǁomen͘36,3ϳ CalculaƟng coronary artery calcium scores ǁith comƉuted tomograƉhy 
is another reƉroducible method to measure vascular damage͖ although, eǆtra eǆƉosure to 
radiaƟon is an imƉortant disadvantage in BRCA1/2 mutaƟon carriers͘53 
/ŵƉůŝĐĂƟŽŶĨŽƌĐůŝŶŝĐĂůƉƌĂĐƟĐĞ
KoƉhorectomiǌed BRCA1/2 mutaƟon carriers should receive cardiovascular risk 
management, like all ǁomen Ĩrom the general ƉoƉulaƟon, as stated in the Dutch College oĨ 
General PracƟƟoners guideline on cardiovascular risk management ;Nederlands ,uisartsen 
GenootschaƉ richtlijn ͚CarĚŝoǀaƐculaŝr rŝƐŝcoŵanaŐeŵent͛Ϳ, ǁith sƉecial emƉhasis on 
ƉromoƟng a healthy liĨestyle͘
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Dd,KK>K'/A>KNS/ZAd/KNS
In the studies described in chaƉter 6, ϳ, and ϵ, cross-secƟonal study designs ǁere used to test 
the diverse hyƉotheses͘ The Ɖrimary limitaƟon oĨ this study design is that only an associaƟon, 
no causaƟons, can be inĨerred͘ In the abovemenƟoned studies, the interval validity may 
be undermined by unrecogniǌed conĨounding Ĩactors, and non-resƉonse bias cannot be 
eǆcluded͘ The results Ĩrom the cross-secƟonal studies, hoǁever, ǁill contribute to establish 
hyƉotheses Ĩor more comƉleǆ invesƟgaƟons, such as a ƉrosƉecƟve cohort study on long-term 
eīects oĨ RR^K͘
Another limitaƟon is the lack oĨ a control grouƉ in the study on subclinical atherosclerosis 
;chaƉter ϵͿ͘ To invesƟgate cardiovascular risk Ĩactors and signs oĨ subclinical atherosclerosis 
in BRCA1/2 mutaƟon carriers aŌer RR^K, a control grouƉ oĨ ǁomen ǁith normal age at 
menoƉause is desirable͘ In the Netherlands, almost all BRCA1/2 mutaƟon carriers ǁill undergo 
RR^K at recommended age͘41 zet, BRCA1/2 mutaƟon carriers ǁho ǁere diagnosed ǁith a 
BRCA1/2 mutaƟon aŌer natural menoƉause ;>50 yearsͿ, and ǁho subseƋuently underǁent 
a ƉostmenoƉausal RR^K might ĨuncƟon as an aƉƉroƉriate control grouƉ in Ĩuture studies͘ 
Using ǁomen Ĩrom the general ƉoƉulaƟon seems less ƉreĨerable, as Ɖrior breast cancer and 
the BRCA mutaƟons itselĨ may contribute to a higher CVD risk͘
KN>US/KN
ProƉer management oĨ ovarian cancer risk reducƟon in BRCA1/2 mutaƟon carriers needs 
eǆƉerƟse in many Įelds, such as DNA diagnosƟcs, geneƟc tesƟng, counseling, ƉrevenƟve 
and oncologic surgery, adjuvant oncologic theraƉy, Ɖsychosocial suƉƉort, and Ĩolloǁ-uƉ care͘ 
^Ɖecialiǌed mulƟdisciƉlinary teamǁork is essenƟal to achieve oƉƟmal health outcomes͘ This 
thesis highlights the imƉortance oĨ a comƉrehensive aƉƉroach ǁith aƩenƟon Ĩor both Ɖhysical 
and Ɖsychological long-term asƉects aŌer ƉrevenƟve surgery ;RR^KͿ͘ InnovaƟons in ovarian 
cancer risk reducƟon, such as risk-reducing salƉingectomy ǁith delayed ooƉhorectomy, have 
an imƉeraƟve value to Ɖrogress imƉrovement oĨ healthcare in BRCA1/2 mutaƟon carriers͘ To 
determine the eīect and saĨety oĨ RR^ ǁith delayed RRK, addiƟonal studies and internaƟonal 
collaboraƟons are necessary to include a suĸcient number oĨ BRCA1/2 mutaƟon carriers͘ 
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SUMMARY
This thesis discusses mulƟƉle dimensions oĨ ovarian cancer risk reducƟon in BRCA1/2 
mutaƟon carriers͘ As described in ĐŚĂƉƚĞƌ1, BRCA1/2 mutaƟon carriers have an increased 
risk to develoƉ eƉithelial ovarian cancer ǁhich remains the most lethal gynaecological cancer͘  
<noǁledge on the BRCA1/2 mutaƟon status in ǁomen ǁith eƉithelial ovarian cancer imƉroves 
oƉƟons Ĩor more tailored treatment and ƉrevenƟve strategies in their relaƟves͘ To reduce the 
risk oĨ ovarian cancer, risk-reducing salƉingo-ooƉhorectomy ;RR^KͿ is recommended to all 
BRCA1/2 mutaƟon carriers around the age oĨ 40 years͘ ,oǁever, RR^K immediately induces 
Ɖremature menoƉause ǁith adverse short-term and long-term side eīects͘   
Tǁo chaƉters in ƉĂƌƚ/ oĨ this thesis describe studies on the aǁareness oĨ germline BRCA1/2 
mutaƟons in ǁomen ǁith eƉithelial ovarian cancer͘  Worldǁide, reĨerral Ĩor germline BRCA1/2 
mutaƟon tesƟng oĨ ǁomen ǁith eƉithelial ovarian cancer varies ǁidely, based on diīerent 
criteria, such as age oĨ onset, Ĩamily history oĨ breast andͬor ovarian cancer and histological 
tyƉe͘ In ĐŚĂƉƚĞƌ2, ǁe systemaƟcally revieǁed the literature on the Ɖrobability oĨ Įnding 
a germline BRCA1/2 mutaƟon in ǁomen ǁith eƉithelial ovarian cancer related to the 
abovemenƟoned reĨerral criteria͘ The overall Ɖrobability is above 10й, and a substanƟal Ɖart 
oĨ the germline BRCA1/2 mutaƟon carriers is missed ǁhen aƉƉlying criteria Ĩor reĨerral ;age 
oĨ onset, Ĩamily history oĨ breast andͬor ovarian cancer, and histological tyƉeͿ͘ ThereĨore, 
ǁe strongly recommend reĨerral oĨ all ǁomen ǁith eƉithelial ovarian cancer Ĩor geneƟc 
counselling and DNA analysis͘  
Ɖithelial ovarian cancer in ǁomen 40 years or younger is rare͖ diagnosis at this age jusƟĮes 
reĨerral Ĩor geneƟc tesƟng͘ Data on germline BRCA1/2 mutaƟons in these young ǁomen ǁith 
eƉithelial ovarian cancer are limited͘ In ĐŚĂƉƚĞƌϯ, the results oĨ a retrosƉecƟve cohort study 
in ǁomen aged 40 years or younger at diagnosis oĨ eƉithelial ovarian cancer are Ɖresented͘ 
All ǁomen ǁere tested Ĩor germline BRCA1/2 mutaƟons͘ We evaluated the risk oĨ idenƟĨying 
a BRCA1/2 mutaƟon, clinical data and Ĩamily cancer history, and these data ǁere comƉared 
betǁeen carriers and noncarriers͘ Ten ;1ϵйͿ oĨ 52 ǁomen had a germline BRCA1/2 mutaƟon͘ 
A signiĮcant diīerence in detecƟon oĨ these mutaƟons ǁas observed betǁeen ǁomen ǁith 
Įrst-degree relaƟves ǁith breast andͬor ovarian cancer ;6ϳйͿ and those ǁithout aīected 
Įrst-degree relaƟves ;ϵйͿ͘ The median age at diagnosis ǁas loǁer in noncarriers comƉared 
to carriers ;30 versus 38 yearsͿ͘ The histology and staging oĨ the eƉithelial ovarian cancer 
did not signiĮcantly diīer betǁeen the tǁo grouƉs͘ We concluded that the risk oĨ Įnding a 
germline BRCA1/2 mutaƟon in ǁomen 40 years or younger at Ɵme oĨ diagnosis is comƉarable 
to ǁomen oĨ all ages ǁith eƉithelial ovarian cancer͘  Prior Ɖrobability oĨ Įnding a BRCA1/2 
mutaƟon in these young ǁomen is largely determined by Ĩamily cancer history, ǁhich can 
helƉ caregivers in inĨorming ǁomen ahead oĨ geneƟc tesƟng͘
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WĂƌƚ //oĨ this thesis contains tǁo studies on an innovaƟve strategy oĨ ovarian cancer risk 
reducƟon in addiƟon to the standard RR^K͘ Groǁing evidence suƉƉorts the hyƉothesis 
that the ĨalloƉian tube is the site oĨ origin in most high-grade serous ovarian cancers͘ In 
addiƟon, RR^K at recommended age ;35–45 yearsͿ immediate induces early menoƉause 
ǁith short- and long-term side eīects͘ ThereĨore, several ƉublicaƟons have Ɖaid aƩenƟon 
to Įrstly removal oĨ the ĨalloƉian tubes aŌer childbearing and Ɖreserving ovarian ĨuncƟon by 
delaying ooƉhorectomy, as innovaƟve strategy as subsƟtute Ĩor RR^K͘ &rom the ƉersƉecƟve 
oĨ BRCA1/2 mutaƟon carriers and their ƉroĨessionals,ǁe aimed to idenƟĨy barriers and 
Ĩacilitators Ĩor risk-reducing salƉingectomy ;RR^Ϳ ǁith delayed ooƉhorectomy ;RRKͿ͘ In this 
ƋualitaƟve study, described in ĐŚĂƉƚĞƌ4͕ǁe ƉerĨormed Ĩour Ĩocus grouƉ intervieǁs ǁith 3ϵ 
BRCA1/2 mutaƟon carriers and semi-structured in-deƉth intervieǁs ǁith 23 ƉroĨessionals 
ǁorking in the diīerent Įelds related to hereditary cancer͘  Among BRCA1/2 mutaƟon 
carriers, main barriers Ĩor the innovaƟve strategy ǁere seriousness oĨ ovarian cancer, Ĩamily 
cancer history, and Ɖrior breast cancer͘  Among ƉroĨessionals, delay oĨ risk-reducing eīect oĨ 
ooƉhorectomy on breast cancer risk and a second oƉeraƟon ǁere recogniǌed as barriers͘ 
oth BRCA1/2 mutaƟon carriers and ƉroĨessionals Ĩound uncertainty about the eīect oĨ RR^ 
ǁith delayed RRK and ease oĨ the decision to undergo RR^K imƉortant barriers͘ A major 
Ĩacilitator menƟoned by both ǁas longer maintenance oĨ ovarian ĨuncƟon thereby delaying 
negaƟve eīects oĨ early surgical menoƉause͘ &or study ƉarƟciƉaƟon, BRCA1/2 mutaƟon 
carriers menƟoned a randomiǌed study design as main barrier͘  ProĨessionals idenƟĮed tǁo 
Ĩacilitators: uniĨorm counseling and ǁillingness oĨ BRCA1/2 mutaƟon carriers to ƉarƟciƉate 
in studies͘ Most BRCA1/2 mutaƟon carriers and ƉroĨessionals ǁere ǁilling to consider 
ƉarƟciƉaƟon in a Ĩuture non-randomiǌed study͘  
These Įndings contributed to the design and imƉlementaƟon oĨ the study Ɖrotocol Ĩor a 
mulƟcentre ƉrosƉecƟve non-randomiǌed controlled trial in 13 centres Ĩor Ĩamily cancer in 
the Netherlands, the TUA study͘  The Ɖrotocol is described in ĐŚĂƉƚĞƌϱ, and the recruitment 
oĨ ƉarƟciƉants started in January 2015͘ ligible ƉaƟents are ƉremenoƉausal Ĩemale BRCA1/2 
gene germline mutaƟon carriers ǁho comƉleted childbearing ǁithout ;ƉriorͿ ovarian cancer͘  
ParƟciƉants choose betǁeen standard ƉrevenƟon consisƟng oĨ RR^K at age 35–40 years 
;BRCA1Ϳ or 40–45 years ;BRCA2Ϳ and the innovaƟve strategy consisƟng oĨ RR^ uƉon comƉleƟon 
oĨ childbearing ǁith delayed RRK at age 40–45 years ;BRCA1Ϳ or 45–50 years ;BRCA2Ϳ͘ Total 
number oĨ inclusions ǁill be 510 ǁomen͘ PaƟents ǁho oƉt Ĩor early salƉingectomy but do 
not ǁant to ƉostƉone ooƉhorectomy beyond current guideline age are included as ǁell but 
do not contribute to 510 inclusions needed͘ Primary outcome measure is menoƉause-related 
Ƌuality oĨ liĨe͘ ^econdary outcome measures are ƉerioƉeraƟve morbidity, histoƉathological 
outcomes, cardiovascular risk Ĩactors and diseases, incidence oĨ ovarian and breast cancer, 
and cost-eīecƟveness͘ Data ǁill be analyǌed using miǆed models data analysis͘
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&our studies in ƉĂƌƚ/// oĨ this thesis Ĩocus on both Ɖsychological and Ɖhysical conseƋuences oĨ 
ovarian cancer risk reducƟon͘ In ĐŚĂƉƚĞƌ6ǁe evaluated demoraliǌaƟon in ooƉhorectomiǌed 
BRCA1/2 mutaƟon carriers and its relaƟon to Ƌuality oĨ liĨe͘ DemoraliǌaƟon is a relaƟvely 
neglected issue in healthcare in ǁhich loǁ morale and Ɖoor coƉing result Ĩrom a stressor, 
such as Ĩamilial cancer risk͘ In this cross-secƟonal, study ǁe eǆamined 288 ooƉhorectomiǌed 
BRCA1/2 mutaƟon carriers using standardiǌed selĨ-reƉort ƋuesƟonnaires to measure 
demoraliǌaƟon, health-related Ƌuality oĨ liĨe, general anǆiety, and cancer ǁorries͘ The 
mean score on the DemoraliǌaƟon ^cale ǁas 1ϳ͘8 ;^D 14͘0Ϳ͘ A clinically signiĮcant level oĨ 
demoraliǌaƟon, deĮned as a score ш 30, ǁas Ĩound in 45 BRCA1/2 mutaƟon carriers ;16йͿ͘ 
eing highly demoraliǌed ǁas associated ǁith a signiĮcantly loǁer Ƌuality oĨ liĨe, and higher 
levels oĨ Ɖhysical Ɖroblems, anǆiety and cancer ǁorries͘ No demograƉhic or clinical Ĩactors 
could Ɖredict higher levels oĨ demoraliǌaƟon͘ We concluded that a clear ƉroƉorƟon oĨ 
ooƉhorectomiǌed BRCA1/2 mutaƟon carriers eǆƉerience demoraliǌaƟon imƉacƟng on their 
ǁell-being͘ &urther research is needed to eǆƉlore the natural trajectory oĨ demoraliǌaƟon 
and the need Ĩor suƉƉort in these ǁomen͘
To decrease the burden oĨ climacteric symƉtoms aŌer early surgical menoƉause, BRCA1/2 
mutaƟon may beneĮt Ĩrom ƉosiƟve resources͘ The aim oĨ the study in ĐŚĂƉƚĞƌ7 ǁas to 
invesƟgate the associaƟon oĨ climacteric symƉtoms ǁith tǁo ƉosiƟve resources, selĨ-
comƉassion and Ɖhysical Įtness, in ooƉhorectomiǌed BRCA1/2 mutaƟon carriers͘ ^elĨ-
comƉassion is described as being oƉen to and moved by one s͛ oǁn suīering, and being 
kind to oneselĨ ǁhen dealing ǁith diĸcult eǆƉeriences͘ It is a skill that can be taught͘ A 
cross-secƟonal study ǁas conducted in 165 BRCA1/2 mutaƟon carriers, aged 40–63 years, 
ǁho underǁent an RR^K at age 45 years or younger and at least Įve years ago͘ Women 
ǁere asked to Įll out ƋuesƟonnaires to measure climacteric symƉtoms subdivided into 
Ɖsychological, somaƟc, vasomotor and seǆual symƉtoms ;Greene Climacteric ^caleͿ, selĨ-
comƉassion and Ɖhysical Įtness͘ BRCA1/2 mutaƟon carriers reƉorted loǁ levels oĨ climacteric 
symƉtoms, being highly selĨ-comƉassionate and Ɖhysically Įt͘ AŌer adjustment oĨ Ɖossible 
covariates, higher selĨ-comƉassion and Ɖhysical Įtness ǁere signiĮcantly associated ǁith 
Ĩeǁer climacteric symƉtoms͘ Current smoking ǁas indeƉendently associated ǁith more 
climacteric symƉtoms͘ We concluded that our Įndings suƉƉort the idea that selĨ-comƉassion 
and Ɖhysical Įtness may be Ɖossible Ĩactors to manage climacteric symƉtoms in BRCA1/2 
mutaƟon carriers͘ ,oǁever, Ĩurther ƉrosƉecƟve research is ǁarranted to eǆamine the eīect 
oĨ training selĨ-comƉassion and Ɖhysical Įtness on climacteric symƉtoms͘ 
esides Ɖossible Ɖsychological conseƋuences aŌer RR^K, liƩle is knoǁn on cardiovascular 
eīects oĨ early surgical menoƉause in BRCA1/2 mutaƟon carriers͘ In the general ƉoƉulaƟon, 
early menoƉause leads to an increased cardiovascular risk͘ŚĂƉƚĞƌ8Ɖresents the results 
oĨ a revieǁ on the risk oĨ cardiovascular diseases in BRCA1/2 mutaƟon carriers aŌer RR^K͘ 
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No studies on cardiovascular morbidity and mortality in these ǁomen are available yet, and 
data on cardiovascular risk Ĩactors are limited͘ Data Ĩrom early menoƉause in the general 
ƉoƉulaƟon ǁere used to evaluate the ƉotenƟal cardiovascular risk in BRCA1/2 mutaƟon 
carriers͖ imƉortant Ĩactors Ɖossibly inŇuencing this risk are early surgical menoƉause, 
occurrence oĨ cardiovascular risk Ĩactors, and cardiotoǆic eīects oĨ adjuvant treatment Ĩor 
breast cancer͘  &urthermore, Ɖreliminary results oĨ eǆƉerimental studies in mice suggest a 
Ɖossible causaƟve ĨuncƟon oĨ the BRCA genes in cardiovascular risk͘ We concluded that more 
research on cardiovascular health risks in BRCA1/2 mutaƟon carriers is needed, esƉecially in 
the Įeld oĨ cardio-oncology, reƋuiring aƩenƟon to ƉotenƟally cumulaƟve eīects͘  
ecause the BRCA genes ǁere idenƟĮed only tǁo decades ago, and Ɖrimary Ĩocus on reducing 
breast and ovarian cancer, long-term cardiovascular eīects aŌer ƉremenoƉausal RR^K are 
not Ɖublished yet͘ ^tudying the level and eǆtent oĨ vascular damage can Ɖrovide evidence oĨ 
these cardiovascular eīect in BRCA1/2 mutaƟon carriers͘ oth caroƟd inƟma-media thickness 
;CIMTͿ and Ɖulse ǁave velocity ;PWVͿ are subclinical atherosclerosis measurements that 
reŇect long-term eǆƉosure to unĨavorable levels oĨ increased risk Ĩactors͘ Measurements oĨ 
increased CIMT and PWV are strong Ɖredictors Ĩor Ĩuture CV events in middle-aged subjects͘ 
In ĐŚĂƉƚĞƌ9 ǁe assessed signs oĨ subclinical atherosclerosis in BRCA1/2 mutaƟon carriers 
in relaƟon to Ɵme since RR^K͘ In this cross-secƟonal study, CIMT and PWV ǁere measured 
in 165 BRCA1/2 mutaƟon carriers, aged 40–63 years, ǁho underǁent RR^K at age 45 
years or younger and at least Įve years ago͘ Cardiovascular risk Ĩactors ǁere collected by 
ƋuesƟonnaires and a single screening visit, and data ǁere analysed using linear regression 
models͘ The mean Ɵme since RR^K ǁas ϵ͘ϵ years ;^D 3͘ϳ͖ range 5–24 yearsͿ͘ ComƉared 
ǁith the general ƉoƉulaƟon, signiĮcantly loǁer systolic blood Ɖressure ;mean diīerence 12 
mm,g͖ ϵ5й CI 10, 14Ϳ ǁas Ĩound͘ AŌer adjustment Ĩor age and mulƟƉle cardiovascular risk 
Ĩactors, Ɵme since RR^K ǁas not associated ǁith CIMT and PWV͘  Kur Įndings suggest that 
Ɵme since RR^K is not related to develoƉment oĨ subclinical atherosclerosis͘ ,oǁever, the 
Ĩolloǁ-uƉ Ɖeriod in these ǁomen might have been too short to be reŇected in subclinical 
atherosclerosis measurements, and longer eǆƉosure Ɵme is needed͘ In addiƟon, considerably 
loǁer blood Ɖressure may counteract subclinical atherosclerosis develoƉment͘  
At last, the content oĨ this thesis is discussed in a broader sense in ĐŚĂƉƚĞƌ10͘ ,erein, ovarian 
cancer risk reducƟon in BRCA1/2 mutaƟon carriers is considered Ĩrom the ƉersƉecƟve 
oĨ innovaƟons in healthcare, mental health and cardiovascular health͘ &urthermore, 
recommendaƟons Ĩor clinical ƉracƟce and Ĩuture research are suggested͘
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Dit ƉroeĨschriŌ belicht verschillende asƉecten van het verlagen van het risico oƉ eierstokkanker 
bij BRCA1/2-mutaƟedraagsters͘ oals in ŚŽŽĨĚƐƚƵŬ1 beschreven, hebben deǌe vrouǁen een 
verhoogde risico oƉ het ontǁikkelen van eierstokkanker͘  ij vrouǁen met eierstokkanker 
kan de kennis over de aanǁeǌigheid van een BRCA1/2 mutaƟe leiden tot meer gerichte 
behandeling en ƉrevenƟeve mogelijkheden voor Ĩamilieleden͘ Km het risico oƉ eierstokkanker 
te verlagen, krijgen BRCA1/2-mutaƟedraagsters het advies om eileiders en eierstokken 
te laten verǁijderen rond de leeŌijd van veerƟg jaar, de ǌogenoemde risicoreducerende 
salƉingo-oÏĨorectomie ;RR^KͿ͘ en RR^K resulteert echter in een Ɖlotseling begin van de 
menoƉauǌe met mogelijke geǌondheidseīecten oƉ korte en lange termijn͘
In ĚĞĞů/van dit ƉroeĨschriŌ ǁorden tǁee studies beschreven over de beǁustǁording van 
de mogelijke aanǁeǌigheid van een BRCA1/2 mutaƟe bij vrouǁen met eierstokkanker͘  ,et 
verǁijǌen voor onderǌoek naar BRCA1/2 mutaƟes bij vrouǁen ;al dan niet met eierstokkankerͿ 
verschilt ǁereldǁijd, ǁaarbij diverse verǁijscriteria ǁorden gehanteerd͘ In ŚŽŽĨĚƐƚƵŬ 2
ǁordt een systemaƟsch overǌicht gegeven van de literatuur over het voorkomen van een 
BRCA1/2 mutaƟe bij vrouǁen met eierstokkanker͘  Tevens ǁordt van diverse verǁijscriteria 
de invloed oƉ de kans om een mutaƟe te vinden beschreven, ǌoals leeŌijd van diagnose, 
Ĩamiliegeschiedenis van borst- en eierstokkanker en histologisch tyƉe van eierstokkanker͘  ij 
vrouǁen met eierstokkanker ǁordt in meer dan 10й van de gevallen een BRCA1/2 mutaƟe 
gevonden͘ Als bovengenoemde verǁijscriteria ǁorden toegeƉast, ǁordt een substanƟeel deel 
van deǌe mutaƟes gemist͘ Dit heeŌ geleid tot het advies om alle vrouǁen met eierstokkanker 
te verǁijǌen naar de aĨdeling klinische geneƟca voor voorlichƟng en indien geǁenst het 
testen oƉ de aanǁeǌigheid van een BRCA1/2 mutaƟe͘
ierstokkanker bij vrouǁen van veerƟg jaar oĨ jonger is ǌeldǌaam en deǌe diagnose 
rechtvaardigt verǁijǌing voor geneƟsch onderǌoek͘ In ŚŽŽĨĚƐƚƵŬ ϯ ǁorden de resultaten 
geƉresenteerd van een retrosƉecƟeĨ cohortonderǌoek bij vrouǁen die veerƟg jaar oĨ jonger 
ǁaren ten Ɵjde van de diagnose eierstokkanker en die in het verleden ǌijn verǁeǌen naar de 
aĨdeling klinische geneƟca voor DNA onderǌoek͘ Deǌe vrouǁen ǌijn getest oƉ de aanǁeǌigheid 
van een BRCA1/2 mutaƟe͘ De Ĩamiliegeschiedenis voor borst- enͬoĨ eierstokkanker en de 
tumorkarakterisƟeken ǁerden vergeleken tussen vrouǁen met en ǌonder een BRCA1/2 
mutaƟe͘ ij 10 van de 52 vrouǁen ;1ϵйͿ ǁerd een BRCA1/2 mutaƟe gevonden͘ De kans oƉ het 
vaststellen van deǌe mutaƟe is signiĮcant hoger bij vrouǁen met eerstegraads Ĩamilieleden 
met borst- enͬoĨ eierstokkanker ;6ϳйͿ in vergelijking met vrouǁen ǌonder aangedane 
eerstegraads Ĩamilieleden ;ϵйͿ͘ De mediane leeŌijd bij de diagnose eierstokkanker is lager bij 
vrouǁen ǌonder BRCA1/2 mutaƟe dan bij BRCA1/2-mutaƟedraagsters ;30 versus 38 jaarͿ͘ r 
ǁerden geen belangrijke verschillen gevonden in de tumorkenmerken tussen vrouǁen met 
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en ǌonder BRCA1/2 mutaƟe͘ Concluderend is de kans oƉ het vaststellen van een BRCA1/2 
mutaƟe bij vrouǁen van veerƟg jaar en jonger met eierstokkanker vergelijkbaar met vrouǁen 
boven de veerƟg jaar met deǌelĨde diagnose͘ Deǌe kans ǁordt grotendeels beƉaald door 
de Ĩamiliegeschiedenis van borst- en eierstokkanker en niet ǌoǌeer door de leeŌijd ten Ɵjde 
van de diagnose eierstokkanker͘  Deǌe inĨormaƟe kan behulƉǌaam ǌijn bij het inĨormeren van 
vrouǁen vooraĨgaand aan een verǁijǌing naar de klinisch geneƟca enͬoĨ het uitvoeren van 
DNA-onderǌoek͘
 
ĞĞů//van dit ƉroeĨschriŌ bevat tǁee studies over een alternaƟeve strategie om het risico 
oƉ eierstokkanker te verminderen͘ Dit alternaƟeĨ voor de huidige RR^K bestaat uit een 
eileiderverǁijdering met uitgestelde eierstokverǁijdering͘ De veranderende inǌichten over 
het belang van de eileider in het ontstaan van eierstokkanker alsmede de eīecten van een 
vervroegde acute menoƉauǌe door een RR^K hebben bijgedragen aan een toenemende 
belangstelling voor deǌe alternaƟeve methode͘ r bestond echter een aantal vragen over 
de oƉƟmale methode om deǌe innovaƟeve methode te onderǌoeken͘ In de kǁalitaƟeve 
studie, beschreven in ŚŽŽĨĚƐƚƵŬ 4, ǌijn de oƉvaƫngen van BRCA1/2-mutaƟedraagsters 
en ǌorgƉroĨessionals onderǌocht over het iniƟeel alleen verǁijderen van de eileiders met 
het uitstellen van de eierstokverǁijdering͘ De barriğres en Ĩaciliterende Ĩactoren voor deǌe 
alternaƟeve methode en voor deelname aan klinisch onderǌoek ǌijn geŢnventariseerd in 
vier ĨocusgroeƉen met 3ϵ BRCA1/2-mutaƟedraagsters en individuele intervieǁs met 23 
ǌorgƉroĨessionals van verschillende Ɖoliklinieken &amiliaire Tumoren in Nederland͘ BRCA1/2-
mutaƟedraagsters noemen de ernst van eierstokkanker, een belaste Ĩamiliegeschiedenis 
en eerdere diagnose borstkanker als belangrijkste barriğres voor eileiderverǁijdering met 
uitgestelde eierstokverǁijdering͘ Voor ƉroĨessionals ǌijn het uitstellen van het mogelijke 
gunsƟge eīect van de eierstokverǁijdering oƉ borstkanker en het uitvoeren van tǁee 
oƉeraƟes belangrijke barriğres͘ De onǌekerheid over het risicoverlagende eīect van 
de eileiderverǁijdering met uitgestelde eierstokverǁijdering en het gemak ǁaarmee 
BRCA1/2-mutaƟedraagsters over het algemeen besluiten tot RR^K ǁorden door ǌoǁel 
BRCA1/2-mutaƟedraagsters als ǌorgƉroĨessionals genoemd als barriğres͘ en belangrijke 
Ĩaciliterende Ĩactor voor beide groeƉen is het langer behoud van de ovariģle ĨuncƟe en 
daarbij het uitstellen van de negaƟeve gevolgen van een vervroegde menoƉauǌe͘ BRCA1/2-
mutaƟedraagsters noemen een gerandomiseerde studieoƉǌet als voornaamste barriğre voor 
studiedeelname͘ ProĨessionals idenƟĮceren tǁee Ĩaciliterende Ĩactoren voor studiedeelname: 
een landelijk eenduidige manier van voorlichten en de algemene bereidheid van BRCA1/2-
mutaƟedraagsters om deel te nemen aan ǁetenschaƉƉelijk onderǌoek͘ De meeste BRCA1/2-
mutaƟedraagsters en ƉroĨessionals ǌijn bereid om deelname aan een niet-gerandomiseerde 
studie te overǁegen͘ 
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ovenstaande bevindingen hebben bijgedragen aan de oƉǌet van een klinisch onderǌoek, 
de TUA studie ;͚arly salƉingectomy ;dUbectomyͿ ǁith delayed ooƉhorectomy to imƉrove 
Ƌuality oĨ liĨe as alternaƟve Ĩor risk-reducing salƉingo-ooƉhorectomy in BRCA1/2mutaƟon 
carriers͛Ϳ͘ De samenvaƫng van het onderǌoeksƉrotocol is beschreven in ŚŽŽĨĚƐƚƵŬ ϱ͘ 
^inds januari 2015 kunnen BRCA1/2-mutaƟedraagsters meedoen aan dit mulƟcenter niet-
gerandomiseerde onderǌoek in 13 Nederlandse ǌiekenhuiǌen met een Ɖolikliniek &amiliaire 
Tumoren͘ Deǌe vrouǁen kunnen deelnemen als ǌe ƉremenoƉauǌaal ǌijn, hun kinderǁens 
hebben voltooid en geen eierstokkanker hebben ;gehadͿ͘ Deelneemsters kieǌen tussen de 
standaard ƉrevenƟeve strategie bestaande uit RR^K oƉ de leeŌijd van 35-40 jaar ;BRCA1Ϳ 
oĨ 40-45 jaar ;BRCA2Ϳ en de alternaƟeve strategie bestaande uit eileiderverǁijdering na 
voltooide kinderǁens met een uitgestelde eierstokverǁijdering tot oƉ de leeŌijd van 40-
45 jaar ;BRCA1Ϳ oĨ 45-50 jaar ;BRCA2Ϳ͘ In het totaal ǌijn 510 inclusies nodig͘ Vrouǁen die 
kieǌen voor een vroege verǁijdering van de eileiders en de eierstokverǁijdering niet ǁillen 
uitstellen tot boven de adviesleeŌijd kunnen ook ƉarƟciƉeren, maar dragen niet bij aan de 
noodǌakelijke 510 inclusies͘ De Ɖrimaire uitkomstmaat is menoƉauǌegerelateerde kǁaliteit 
van leven͘ De incidenƟe van borst- en eierstokkanker, comƉlicaƟes rondom de oƉeraƟes, 
histoƉathologisch onderǌoek van de verǁijderde ǁeeĨsels, risicoĨactoren oƉ en incidenƟe 
van hart- en vaatǌiekten en kosteneīecƟviteit ǌijn secundaire uitkomstmaten͘
Vier studies in ĚĞĞů /// van dit ƉroeĨschriŌ richten ǌich oƉ ǌoǁel Ĩysieke als Ɖsychologische 
gevolgen van de RR^K͘ In ŚŽŽĨĚƐƚƵŬ6hebben ǁe demoralisaƟe in relaƟe tot kǁaliteit van 
leven onderǌocht bij BRCA1/2-mutaƟedraagsters na RR^K͘ Verlaagde mentale veerkracht en 
moeiǌaam kunnen hanteren van stressveroorǌakende Ĩactoren, ǌoals een Ĩamiliair verhoogd 
risico oƉ kanker, kunnen leiden tot demoralisaƟe͘ DemoralisaƟe ǁordt gekenmerkt door 
subjecƟeve incomƉetenƟe met gevoelens van hoƉeloosheid en hulƉeloosheid en het verlies 
van doel en betekenis in het leven͘ DemoralisaƟe is een relaƟeĨ onderbelicht asƉect in de 
geǌondheidsǌorg͘ Dit dǁarsdoorsnedeonderǌoek beschrijŌ de resultaten van 288 BRCA1/2-
mutaƟedraagsters die een RR^K hebben ondergaan͘ Gestandaardiseerde vragenlijsten ǌijn 
gebruikt om de mate van demoralisaƟe, kǁaliteit van leven, angst en ǌorgen over het restrisico 
oƉ eierstokkanker na RR^K in kaart te brengen͘ ij 45 BRCA1/2-mutaƟedraagsters ;16йͿ ǁerd 
een klinisch relevant niveau van demoralisaƟe gevonden͘ en hoge mate van demoralisaƟe is 
geassocieerd met een lagere kǁaliteit van leven en meer Ĩysieke Ɖroblemen, angst en ǌorgen 
om kanker͘  DemograĮsche oĨ klinische Ĩactoren konden de hogere mate van demoralisaƟe 
niet voorsƉellen͘ We concluderen dat een subgroeƉ van BRCA1/2-mutaƟedraagsters 
demoralisaƟe ervaart met negaƟeve gevolgen voor hun ǁelǌijn͘ ,et verdient aanbeveling 
om het natuurlijke verlooƉ van demoralisaƟe in deǌe groeƉ verder te onderǌoeken en de 
noodǌaak voor behandeling te bekijken͘ 
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BRCA1/2 -mutaƟedraagsters kunnen baat hebben bij het aanǁenden van vaardigheden om 
de last van overgangsklachten na een vervroegde chirurgische menoƉauǌe te verminderen͘ 
In ŚŽŽĨĚƐƚƵŬ 7 is de associaƟe onderǌocht tussen overgangsklachten, ǌelĨcomƉassie en 
Ĩysieke Įtheid bij BRCA1/2-mutaƟedraagsters na de RR^K͘ elĨcomƉassie betekent dat je 
oƉenstaat en ontvankelijk bent voor je eigen lijden en dat je ǁarm en begriƉvol tegen jeǌelĨ 
bent ǁanneer je ǁordt geconĨronteerd met moeilijke ervaringen͘ elĨcomƉassie is een aan 
te leren vaardigheid͘ en dǁarsdoorsnede onderǌoek ǁerd uitgevoerd bij 165 BRCA1/2-
mutaƟedraagsters die een RR^K hadden ondergaan oƉ de leeŌijd van 45 jaar oĨ jonger 
en ǁaarbij de ingreeƉ tenminste vijĨ jaar geleden ǁas͘ Gestandaardiseerde vragenlijsten 
ǌijn gebruikt om de overgangsklachten ;onderverdeeld in Ɖsychologische, somaƟsche, 
vasomotorische en seksuele klachtenͿ, ǌelĨcomƉassie en Ĩysieke Įtheid te meten͘ BRCA1/2-
mutaƟedraagsters raƉƉorteren relaƟeĨ ǁeinig overgangsklachten, hebben een hoge mate 
van ǌelĨcomƉassie en ǌijn Ĩysiek Įt͘ Na correcƟe voor mogelijke verstorende variabelen blijkt 
meer ǌelĨcomƉassie en Ĩysieke Įtheid geassocieerd met minder overgangsklachten͘ Roken is 
onaĬankelijk geassocieerd met meer overgangsklachten͘ Concluderend ondersteunen onǌe 
bevindingen de gedachte dat het hebben van meer ǌelĨcomƉassie en betere Ĩysieke Įtheid 
Ĩactoren ǌijn die mogelijk de last van overgangsklachten bij BRCA1/2-mutaƟedraagsters 
kunnen verminderen͘ ProsƉecƟeĨ onderǌoek is nodig om het eīect van training van 
ǌelĨcomƉassie en Ĩysieke Įtheid oƉ overgangsklachten na RR^K vast te stellen͘
Uit onderǌoek in de algemene bevolking is het bekend dat een vervroegde menoƉauǌe 
leidt tot een verhoogd cardiovasculair risico͘ ,ŽŽĨĚƐƚƵŬ8Ɖresenteert een overǌicht van de 
literatuur over het risico oƉ hart- en vaatǌiekten na een vervroegde menoƉauǌe͘ Knderǌoek 
naar hart- en vaatǌiekten bij BRCA1/2- mutaƟedraagsters is ǌeer beƉerkt geraƉƉorteerd͘ Mede 
daarom ǁorden ook de resultaten besƉroken van onderǌoeken naar het cardiovasculaire 
eīect van een vervroegde menoƉauǌe bij vrouǁen uit de algemene bevolking͘ &actoren die 
mogelijk van invloed ǌijn oƉ het cardiovasculaire risico bij BRCA1/2 -mutaƟedraagsters ǌijn de 
vervroegde chirurgische menoƉauǌe, het eerder oƉtreden van cardiovasculaire risicoĨactoren 
en de cardiotoǆische eīecten van de behandeling van borstkanker͘  DiereǆƉerimenteel 
onderǌoek suggereert een mogelijk eīect van de BRCA mutaƟe ǌelĨ oƉ het cardiovasculaire 
systeem͘ We concluderen dat meer onderǌoek naar het cardiovasculaire risico bij BRCA1/2-
mutaƟedraagsters noodǌakelijk is met sƉeciale aandacht voor de cumulaƟeve eīecten͘ 
BRCA genen ǌijn ruim 20 jaar geleden ontdekt en onderǌoek heeŌ ǌich voornamelijk gericht 
oƉ het verlagen van het risico oƉ borst- en eierstokkanker͘  ij BRCA1/2-mutaƟedraagsters 
ǌijn de cardiovasculaire eīecten van een vervroegde menoƉauǌe door een RR^K oƉ de 
adviesleeŌijd nog onbekend͘ Knderǌoek naar vroege stadia van aderverkalking kan leiden 
tot meer inǌicht in deǌe eīecten͘ De dikte van de vaatǁand van de halsslagader en de 
Ɖolsslagsnelheid door de aorta vormen een maat voor de langetermijnblootstelling aan 
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ongunsƟge cardiovasculaire risicoĨactoren͘ en verdikte vaatǁand en snelle Ɖolsslagsnelheid 
ǌijn sterke voorsƉellers voor toekomsƟge hart- en vaatǌiekten bij vrouǁen van middelbare 
leeŌijd͘ ,ŽŽĨĚƐƚƵŬ9beschrijŌ de mate van vroege aderverkalking, gemeten met behulƉ van 
vaatǁanddikte en Ɖolsslagsnelheid, gerelateerd aan de Ɵjd sinds RR^K͘ In dit dǁarsdoorsnede 
onderǌoek hebben 165 BRCA1/2-mutaƟedraagsters deelgenomen die een RR^K hebben 
ondergaan oƉ de leeŌijd van 45 jaar oĨ jonger en ǁaarbij de ingreeƉ tenminste vijĨ jaar 
geleden ǁas͘ Gegevens over cardiovasculaire risicoĨactoren ǌijn verǌameld met behulƉ van 
vragenlijsten en een eenmalig screenend lichamelijk onderǌoek͘ De gemiddelde Ɵjd na RR^K 
ǁas Ɵen jaar ;sƉreiding 5 tot 24 jaarͿ͘ In vergelijking met de algemene bevolking ǁerd er bij 
BRCA1/2-mutaƟedraagsters een lagere systolische bloeddruk gemeten ;gemiddelde verschil 
12 mm,g͖ ϵ5й betrouǁbaarheidsinterval 10–14Ϳ͘ Na correcƟe voor leeŌijd en relevante 
cardiovasculaire risicoĨactoren ǁas de Ɵjd sinds RR^K niet gerelateerd aan de vaatǁanddikte 
en de Ɖolsslagsnelheid͘ Deǌe resultaten suggereren dat de Ɵjd sinds RR^K niet is gerelateerd 
aan de ontǁikkeling van een vroeg stadium van aderverkalking͘ De Ĩolloǁ-uƉ Ɖeriode kan bij 
deǌe vrouǁen echter te kort ǌijn om verandering in de meƟngen van de vaatǁanddikte en 
Ɖolsslagsnelheid ǌichtbaar te maken͘ Vervolgonderǌoek dient Ɖlaats te vinden met een langer 
interval tussen RR^K en de meƟngen͘ Tevens kan de aanǌienlijk lagere bloeddruk mogelijk 
het eīect oƉ de ontǁikkeling van aderverkalking tegengaan͘ 
In ŚŽŽĨĚƐƚƵŬ10 ǁorden de bevindingen van dit ƉroeĨschriŌ in bredere ǌin bediscussieerd͘ De 
methode om het risico oƉ eierstokkanker te verminderen bij BRCA1/2-mutaƟedraagsters en de 
gevolgen hiervan ǁorden vanuit verschillende invalshoeken belicht͘ De alternaƟeve strategie, 
bestaande uit eileiderverǁijdering met uitgestelde eierstokverǁijdering, kan bijdragen aan 
verbetering van de ǌorg voor BRCA1/2 mutaƟedraagsters, maar meer onderǌoek naar het 
eīect en de veiligheid hiervan is nodig͘ ,et belang van een brede aanƉak na ƉrevenƟeve 
chirurgie ;RR^KͿ ǁordt benadrukt met aandacht voor ǌoǁel Ĩysieke als Ɖsychologische 
langetermijn eīecten͘ Tevens ǁorden er suggesƟes gedaan voor de klinische ƉrakƟjk en 
toekomsƟg onderǌoek͘   
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AN<tKKR
Wat een ǁeg, ik ben ǌo blij dat dit boekǁerk aĨ is͊ onder alle hulƉ van ǌoveel verschillende 
kanten ǁas mij dit niet gelukt͘ Daarvoor ǁil ik graag alle betrokkenen ontǌeƩend bedanken͘
Allereerst ǁil ik alle vrouǁen met een BRCA1/2 mutaƟe die hebben bijgedragen aan de inhoud 
van dit ƉroeĨschriŌ hartelijk bedanken͘ Vooral de oƉenharƟge verhalen over de betekenis van 
de mutaƟe in hun leven hebben mij veel geleerd en ǌullen mij alƟjd bijblijven͘ 
ProĨ͘  dr͘  >͘&͘A͘G͘ Massuger, beste >eon, ik herinner mij nog goed dat je mij desƟjds vroeg oĨ 
ik misschien onderǌoek ǁilde gaan doen en dat ik dan maar eens met Joanne moest gaan 
Ɖraten͘ Jouǁ vriendelijke doch kriƟsche vragen ǌorgden er voor dat ik mijn kronkelige Ɖad 
alƟjd ǁeer ;ietsͿ rechter kon vervolgen͘ Dank hiervoor͘
ProĨ͘  dr͘  N͘ ,oogerbrugge, beste Nicoline, jouǁ gedrevenheid om het leven te verbeteren van 
mensen met een erĨelijke aanleg voor kanker is voor mij beǁonderensǁaardig͘ n ǁat Įjn dat 
jij alƟjd de rode draad ǌag als ik ǁeer eens ǌoekende ǁas͘ Dankjeǁel͘
ProĨ͘  dr͘  A͘,͘͘M͘ Maas, beste Angela, het vrouǁenhart oƉ de kaart ǌeƩen kan jij als geen 
ander͘  Jouǁ betrokkenheid maakte het voor mij ǌoveel makkelijker om de ǌorg voor vrouǁen 
met een BRCA1/2 mutaƟe te verbinden met de cardiologie͘ edankt͘
Dr͘  J͘A͘ de ,ullu, beste Joanne, jij bent de drijvende kracht achter dit ƉroeĨschriŌ͘ Wat ben 
ik blij dat >eon mij naar jou toestuurde, ǌodat ik aan de basis mocht staan van deǌe mooie 
onderǌoekslijn͘ Ik ben je erg dankbaar voor jouǁ vertrouǁen, betrokkenheid en geduld in 
de aĨgeloƉen jaren͊ De ruimte en vrijheid om geǌamenlijk de inhoud van dit ƉroeĨschriŌ te 
mogen beƉalen heb ik enorm geǁaardeerd͘    
Dr͘  R͘P͘M͘G͘ ,ermens, beste Rosella, mijn kennismaking met het doen van kǁalitaƟeĨ 
onderǌoek heb ik aan jou te danken en dit heeŌ een ;ƉersoonlijkeͿ meerǁaarde gegeven aan 
mijn onderǌoekstraject͘ edankt voor jouǁ eǆƉerƟse͘
De leden van de manuscriƉtcommissie, ProĨ͘  dr͘  N͘P͘  Riksen, ProĨ͘  dr͘  A͘͘M͘ ^Ɖeckens en ProĨ͘  
dr͘  M͘J͘͘ Mourits, hartelijk dank voor het beoordelen van mijn manuscriƉt͘
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Graag bedank ik alle medeauteurs voor hun bijdrage aan een oĨ meerdere hooĨdstukken van 
dit ƉroeĨschriŌ͘ In het bijǌonder noem ik graag de volgende mensen͘ Dr͘  C͘M͘ <ets, beste 
Marleen, bedankt voor de consciģnƟeuǌe samenǁerking͘ ProĨ͘  dr͘  M͘>͘ ots, beste Michiel, 
jouǁ inƉut ǁas ǌeer ǁaardevol͘ Dr͘  J͘ in ͛t ,out, beste Joanna, bedankt voor het delen 
van jouǁ staƟsƟsche kennis͘ ProĨ͘  dr͘  D͘W͘ <issane, dear David, thank you Ĩor sharing your 
eǆƉerƟse, and your invitaƟon to IPK^ Congress in erlin͘ este >iselore, dank je voor jouǁ 
hulƉ en inǌet bij de CAR^KRA studie͘  
Dr͘  M͘G͘ ,armsen ;staat gaaĨ hğͿ, beste Marline, ǁat ǁas ik blij dat je me ǁilde helƉen met 
het coderen van de vele intervieǁs͘ Ik beǁonder de sneltreinvaart ǁaarmee jij de TUA 
studie loƉend kreeg͘ Miranda, veel succes met de voortǌeƫng hiervan͘  
Alle ǌorgƉroĨessionals die ik heb geŢntervieǁd, bedankt voor de nuƫge inƉut͘
WerkgroeƉ rĨelijke Tumoren, bedankt voor de Ɖreƫge samenǁerking en alle leerǌame 
besƉrekingen͘
De aĨdeling &ysiologie, in het bijǌonder Maria ,oƉman en regina <ersten, bedank ik voor 
de gastvrijheid en ondersteuning Ɵjdens het uitvoeren van de meƟngen voor de CAR^KRA 
studie͘ 
Mijn toenmalige oƉleiders ProĨ͘  dr͘  D͘D͘M͘ raat, Dr͘  R͘>͘M͘ ekkers en Dr͘  &͘ ,͘P͘> Dijkhuiǌen͖ 
veel dank voor de Ɵjd en ruimte die jullie mij, Ɵjdens mijn oƉleiding, gaven voor dit 
ƉromoƟetraject͘ 
Kud-collega s͛ van de aĨdeling Gynaecologie en Verloskunde van het Rijnstate͖ jullie leerden 
mij als eerste dit ƉrachƟge vak, dank voor jullie enthousiasme en het vertrouǁen in mij͘
 
Alle medeǁerkers van de aĨdeling Gynaecologie en Verloskunde van het Radboudumc bedank 
ik voor de Įjne samenǁerking Ɵjdens mijn oƉleiding en ƉromoƟetraject͘ ;Kud-Ϳbeǁoners van 
de tuin en arts-assistenten, bedankt voor al jullie belangstelling en de nodige geǌelligheid͘ 
este Christel, jouǁ regelǁerk voor de CAR^KRA studie heeŌ me erg geholƉen͘ Dames van 
het secretariaat͖ dank voor jullie ondersteuning en interesse͘ lly en Wilma, onǌe Ɖraatjes 
over lieĨ en leed ǌorgden alƟjd voor een Įjne aŇeiding͘ 
<ersverse collega s͛ van Nij Geertgen͖ bedankt voor jullie ǁelkome ontvangst en de interesse 
Ɵjdens de aĨronding van dit Ɖroject͘
<aren >uiten, bedankt voor je comƉassie en luisterend oor͘
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>ieve Ĩamilie en vrienden, jullie ǌijn van onschatbare ǁaarde, niet alleen voor de 
totstandkoming van dit boekǁerk͘ en Ɖaar eǆtra ǁoorden van dank:
MoniƋue en Johan, jullie hulƉ kǁam Ɖrecies oƉ het juiste moment͘ edankt͘
Gemert Creǁ, ǁat een mooi stel vrienden bij elkaar͘  Knǌe etentjes, Ĩeestjes en uitstaƉjes, met 
en ǌonder alle kids, ǌijn alƟjd even geǌellig͘
,anneke, MarƟjn, Thijs, Pieter en as, alƟjd een genot om samen te ǌijn, Ɵjdens onǌe 
ǁeekendjes ǁeg, etentjes oĨ sƉeeltuindates͘  
Marinus en Marian, ik kan mij geen lievere buren ǁensen, erg Įjn dat jullie deur alƟjd 
oƉenstaat͘
Marian, een vriendin uit duiǌenden ;oƉ naar de volgende 25 jaarͿ͊ 
,arrie en Tini, ǁat heb ik lekker bij jullie thuis geǁerkt aan dit ƉroeĨschriŌ͘ edankt voor jullie 
betrokkenheid͊
>ieve ,anneke en Ingrid, ǁat een geluk heb ik met jullie als vriendinnen͊ rg sƉeciaal en ǌo 
heerlijk vertrouǁd dat jullie als ƉaranimĨen naast mij ǁillen staan͘ 
>ieve AlƉhons, Thea, Maaike, JaaƉ, ^ilke, Tijmen, Niels, Judith, Meijke, lin en Janna, ǁat 
heerlijk dat jullie mijn tǁeede Ĩamilie ǌijn͘ Ik geniet van jullie rabantse geǌelligheid͊
>ieve mam en ƉaƉ, ǌo Įjn dat jullie alƟjd voor ons klaar staan͊ Jullie legden mijn basis voor 
deǌe ƉrestaƟe͖ mijn doorǌeƫngsvermogen en de ǁetenschaƉƉelijke ͚ƉaƉleƉel͛ heb ik aan 
jullie te danken͘ PaƉ, bijǌonder dat ǁe ook voor dit boek samen hebben geǁerkt͘ >ieve ǌusjes, 
Janneke en Imke, en Daan, Anne, >oƩe, RalĨ en Kskar, bedankt voor alle Įjne momenten 
samen͘ >ieve Imke, ik ben ǌo trots oƉ jouǁ ƉrachƟge design van de kaŌ͘ Dankjeǁel͊
>ieve Ruben, Nora en ,arm, ǁat geǁeldig dat jullie er ǌijn͊ Jullie maken mijn leven ǌoveel 
mooier met al jullie dikke knuīels, lachende snoetjes en vrolijke dansjes͘ Tijd voor een Ĩeestje͊
>ieve Jeroen, de laatste ǁoorden ǌijn voor jou͘ Jouǁ oneindige lieĨde en geduld maakte dit 
alles mogelijk͘ Je bent de lieĨde van mijn leven͊ n nu͙ samen verder met onǌe bus͘
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Marieke Arts-de Jong ;geboren oƉ 1ϳ december 1ϵϳϵ te GraveͿ groeide oƉ in het rabantse 
Gemert, ǁaar ǌe in 1ϵϵ8 haar VWK diƉloma aan het Commanderij College te Gemert 
haalde͘ Na uitloƟng voor de oƉleiding Geneeskunde starƩe ǌe in 1ϵϵ8 met de oƉleiding 
edrijĨsǁetenschaƉƉen aan de Radboud Universiteit in Nijmegen, ǁelke leidde tot het 
behalen van haar ƉroƉedeuse in 1ϵϵϵ͘ DatǌelĨde jaar ǁerd ǌe ingeloot voor de oƉleiding 
Geneeskunde in Nijmegen͘ In 2003 verrichte ǌij haar ǁetenschaƉƉelijke stage A͚cƟvaƟon oĨ 
Ɖlatelets and leucocytes in blood salvaged Ĩor reinĨusƟon aŌer total knee arthroƉlasty and 
the eīect on ƉaƟents͛ circulaƟng Ɖlatelets and leucocytes͛ oƉ de aĨdeling KrthoƉedie van 
het Prince Charles ,osƉital, risbane, Australiģ onder begeleiding van ProĨ͘  dr͘  R͘W͘ CraǁĨord 
;begeleider vanuit Radboudumc dr͘  ͘W͘ ^chreurs, aĨdeling KrthoƉedieͿ͘ In 2005 behaalde 
ǌe haar artseǆamen en begon direct met haar eerste baan als basisarts oƉ de aĨdeling 
^Ɖoedeisende ,ulƉ in het ^int Annaǌiekenhuis in GeldroƉ͘ en klein jaar later maakte ǌe 
de overstaƉ naar de aĨdeling Gynaecologie en Verloskunde van het Rijnstate iekenhuis in 
Arnhem͘ In mei 2008 starƩe ǌe met de oƉleiding tot gynaecoloog binnen het cluster Nijmegen: 
Rijnstate iekenhuis ;oƉleiders Dr͘  A͘ ,uisman en Dr͘  &͘ ,͘P͘>͘ DijkhuiǌenͿ en Radboudumc 
;oƉleiders ProĨ͘  dr͘  D͘D͘M͘ raat en Dr͘  R͘>͘M͘ ekkersͿ͘ ^inds Ĩebruari 2012 combineerde ǌe 
haar oƉleiding met ǁetenschaƉƉelijk onderǌoek bij vrouǁen met een BRCA1/2 mutaƟe oƉ 
de aĨdeling Gynaecologie en Verloskunde van het Radboudumc, hetgeen heeŌ geresulteerd 
in dit ƉroeĨschriŌ ;Ɖromotoren ProĨ͘  dr͘  >͘&͘A͘G͘ Massuger, ProĨ͘  dr͘  N͘ ,oogerbrugge en ProĨ͘  
dr͘  A͘,͘͘M͘ Maas͖ coƉromotoren Dr͘  J͘A͘ de ,ullu en Dr͘  R͘P͘M͘G͘ ,ermensͿ͘ ind 2015 
beģindigde Marieke haar oƉleiding tot gynaecoloog vroegƟjdig͘ Van 2016 tot 201ϳ ǁerkte 
ǌe als arts bedrijĨsgeneeskunde bij De edrijĨsƉoli in Nijmegen͘ ^inds eind 201ϳ ǁerkt ǌe als 
ĨerƟliteitsarts bij Nij Geertgen in lsendorƉ͘ 
Marieke is getrouǁd met Jeroen Arts en samen ǌijn ǌe de gelukkige ouders van drie kinderen 
;Ruben, Nora en ,armͿ͘ 
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Voor het bijwonen van de 
openbare verdediging van 
mijn proefschrift
Multidimensional  
perspective on 
ovarian cancer risk 
reduction in BRCA1/2 
mutation carriers
Op woensdag 21 maart 
2018 om 12:30 precies
in de aula van de Radboud 
Universiteit, Comenius-
laan 2, Nijmegen
U bent van harte welkom 
bij deze plechtigheid en 
het aansluitende feestje 
bij Eetcafé Buur, Deken 
Hensburchstraat 2, 
Nijmegen
Marieke Arts-de Jong
Van Peltlaan 312
6533 ZZ Nijmegen
Marieke.Arts-DeJong@ 
radboudumc.nl
Paranimfen
Ingrid Desar
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